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Abstract 

Programmable  Logic  Array  From  State  Table  (PLAFST)  is  a  computer 
aided  design  (CAD)  tool  that  takes  a  symbolic  state  table  as  input  and 
produces  a  very  large  scale  integrated  (VLSI)  circuit  implementation  of 
the  symbolic  state  table.  The  state  table  is  first  reduced  symbolically 
using  equivalence  partitioning.  A  near  optimal  binary  state  assignment 
is  made  based  on  the  Story,  Harrison,  and  Reinhard  procedure  as  modified 
by  Noe  and  Ryhne.  Distinct  state  assignment  variables  are  sorted  based 
on  cost  estimates  obtained  by  increasing  the  number  of  adjacencies  in 
the  state  transition  table.  Once  sorted,  the  actual  costs  of  valid 
state  assignments  made  from  the  state  variables  are  calculated.  Since 
state  assignments  with  the  lowest  cost  estimates  are  investigated  first, 
an  optimal  solution  is  found  with  a  small  number  of  iterations.  This 
binary  state  assignment  is  demons tratably  less  costly  than  either  simple 
or  gray  code  assignments  of  the  state  variables.  The  VLSI  circuit 
consists  of  a  programmable  logic  array  (PLA)  and  clocked  buffers.  The 
state  buffers  are  properly  interconnected.  The  final  outputs  are  Chip 
Layout  Language  (CLL)  and  Caltech  Intermediate  Format  (CIF)  descriptions 
of  the  integrated  circuit.  PLAFST  also  plots  the  final  integrated 
circuit. 


vii 


INTRODUCTION 


Problem 


The  primary  task  of  this  thesis  is  to  develop  a  computer  aided 
design  (CAD)  tool  that  implements  a  synchronous  finite-state  machine 
with  a  programmable  logic  array  (PLA).  This  CAD  tool  operates  on  the 
AFIT  VAX  11/780  running  under  the  UNIX  operating  system.  It  functions 
in  the  same  manner  as  other  AFIT  CAD  tools ,  such  as  Chip  Layout  Language 
(CLL)  and  PRESTO.  The  user's  manual  has  the  same  style  as  these 
programs . 

The  input  file  to  the  CAD  tool  developed  by  this  thesis,  PLA  From 
State  Table  (PLAFST),  contains  inputs,  symbolic  states,  transitions,  and 
outputs.  The  input  file  may  also  include  an  error  state  for  transitions 
from  illegal  states.  PLAFST  provides  several  output  files  showing  state 
table  reductions,  state  assignments,  and  other  results  of  the 
minimisation  process.  The  final  output  files  include  a  CLL  file,  a 
Caltech  Intermediate  Format  (CIF)  file,  and  a  plot  of  the  final  circuit. 

The  PLA  is  designed  with  nMOS  very  large  scale  integration  (VLSI) 
technology  with  a  selectable  lambda.  The  default  PLA  generated  by 
PLAFST  includes  the  combinational  logic  and  clocked  buffers  for  the 
state,  input,  and  output  signals.  These  buffers  are  standard  cells 
from  the  Stanford  nMOS  Cell  Library.  The  buffers  that  contain  the  next 


•ad  present  states  are  properly  interconnected.  An  option,  -s ,  causes 
PLAFST  to  generate  only  the  PLA.  The  designer  can  then  use  this  PLA  in 
a  CLL  program.  PLAFST  also  determines,  via  PLAGEN,  if  the  synchronous 
finite-state  machine  (SFSM)  exceeds  size  constraints. 

Approach 


PLAFST  is  a  shell  script  running  under  the  UNIX  operating  system 
which  controls  the  execution  of  programs  residing  on  the  VAX  11/780. 
These  programs  are  a  mixture  of  programs  currently  on  the  AFIT  VAX 
11/780  and  new  programs.  All  new  programs  are  designed  using  Structured 
Analysis  and  Design  Techniques  (SADT)  (Ref  2:63)  and  written  in  C. 
PLAFST  causes  the  following  tasks  to  be  accomplished: 

1.  Reduces  the  symbolic  state  table 

2.  Assigns  states 

3.  Reduces  the  combinational  logic. 

4.  Generates  the  PLA  CIF  specification 
5*  Generates  the  SFSH  CLL  specification 

6.  Plots  the  SFSM 

7.  Generates  the  SFSM  CIF  specification. 

Figure  1-1  shows  the  relationship  between  PLAFST  and  other  resident 
programs  on  the  VAX  11/780.  PRESTO,  PLAGEN,  and  CLL  previously  existed 
on  the  VAX.  CFORM  translates  PRESTO's  output  to  the  format  required  by 


(Ref  3:20).  The  symbolic  states  are  repeatedly  partitioned  using  this 
definition  until  no  further  change  in  the  partitions  results.  The 
minimum  set  of  symbolic  states  is  chosen  by  taking  one  state  from  each 
partition. 

One  state  may  be  designated  as  an  error  recover  state  in  the  event 
that  an  undefined  state  is  entered.  The  total  number  of  states  possible 
in  any  binary  SFSM  will  always  be  a  power  of  two.  There  is  no  guarantee 
in  the  symbolic  state  table  and  especially  in  the  reduced  table  that  the 
number  of  states  will  be  a  power  of  two.  Consequently,  there  will 
probably  be  some  states  that  are  undefined.  In  case  the  SFSM 
erroneously  transitions  to  one  of  these  states,  it  should  be  designed  to 
transition  to  a  specific  state  to  recover  from  this  error. 

However,  the  algorithm  used  by  PLAFST  to  assign  an  optimum  state 
assignment  will  be  degraded  by  a  designated  error  state.  The  algorithm 
uses  undefined  states  as  don't  care  conditions  in  the  Quine-McCluskey 
state  table  reduction.  A  designated  error  state  causes  all  states  not 
defined  in  the  input  file  to  transition  to  the  error  state.  Therefore, 
the  algorithm  can  not  use  these  states  to  minimize  the  costs  of  the  PLA. 

The  possibility  that  the  number  of  states  will  equal  a  power  of  two 
must  also  be  considered.  In  this  case,  the  SFSM  has  no  undefined  states 
to  which  it  can  transition.  Therefore,  the  error  recovery  state 


designation  is  ignored 


State  Assignment  (  ASSIGN  ).  The  states  of  the  symbolic  state 
table  are  assigned  binary  values  based  on  the  Story,  Harrison,  and 
Reinhard  (SHR)  optimum  state  assignment.  The  SHR  method  was  originally 
optimized  for  use  with  J-K  flip-flops  (Ref  4:1365).  P.  S.  Noe  and  V.  T. 
Rhyne  optimized  the  SHR  optimal  state  assignment  algorithm  for  the  D 
flip-flop  in  1976  (Ref  5:306).  PLAFST  uses  the  Noe  and  Rhyne  version  of 
the  SHR  algorithm  because  of  the  PLA's  inherent  D  flip-flop 
characteristic. 

The  algorithm  is  based  on  the  comparison  of  a  series  of  cost 
estimates  for  each  of  the  state  assignment  columns.  The  costs  estimates 
are  based  on  the  number  of  first  and  second  level  gates  required  to 
implement  each  state  assignment  column.  This  cost  estimate  is  well 
suited  to  a  PLA  which  is  basically  a  two  level  NAND/NOR  gate  array.  The 
state  assignment  column  is  best  explained  by  an  example.  A  four  state 
SFSM  has  two  columns  of  binary  digits,  if  the  states  are  listed  by  row. 
This  is  true  for  any  binary  state  assignment  scheme  that  might  be  used. 
Each  of  these  columns  is  a  state  assignment  column.  Once  the  cost 
estimates  are  generated,  they  are  sorted  in  monotonically  nondecreasing 
order.  An  ordered  search  is  performed  to  find  an  optimal  state 
assignment.  There  may  be  more  than  one  state  assignment  that  satisfies 
the  criteria  of  optimum  state  assignment.  This  algorithm  does  not 
consider  outputs. 


SPSM  CLL  Specification  (  MAKE  SFSM  ).  PLAFST  automatically  adds 
clocked  buffers  to  the  PLA  generated  from  the  assigned  state  table.  It 
also  interconnects  the  state  buffers.  This  feature  may  be  disabled  by 


use  of  an  option,  -s,  In  the  commend  line  to  PLAFST.  The  clocked 


buffers  used  ere  PleClockln  end  PleClockOut  from  the  Stenford  nMOS  Cell 
Librery  (Ref  6).  Since  e  PLA  hes  e  reguler  structure,  the  distence 
between  edjoining  buffers  is  e  constent.  These  buffers  ere  itereted 
using  CLL  atetementa  with  dummy  variables.  Buffers  ere  also  added  for 
each  of  the  input  end  output  signals.  In  a  similar  manner,  metal  wires 
can  be  added  to  interconnect  the  state  buffers.  PLAFST  replaces  these 
dummy  variables  with  constant  values  multiplied  by  the  number  of  SFSM 
states.  The  regular  structure  of  the  PLA,  clocked  buffers,  and 
interconnecting  wires  is  shown  in  Figure  1-2. 
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Figure  1-2.  PLA  Finite  State  Machine  Implementation 
of  a  Light  Controller  (Ref  7:Plate  8) 


This  thesis  is  limited  to  completely  specified  synchronous 
finite-state  machines.  The  number  of  computations  required  to 
completely  minimize  a  state  table  quickly  grows  with  the  number  of 
states  in  the  table,  much  like  the  classic  "traveling  salesman"  problem. 
This  makes  state  minimization  of  completely  specified  SFSMs  practical 
only  for  SFSMs  with  a  small  number  of  states.  For  this  reason,  PLAFST 
reduces  the  symbolic  state  table  with  a  partitioning  scheme  that  does 
not  guarantee  a  minimum  cost  solution.  The  state  assignment  algorithm 
guarantees  a  minimal  solution  for  the  reduced  state  table.  A  minimal 
solution  is  one  with  the  least  number  of  AMD  and  OR  gates  required  to 
implement  the  state  table  with  a  PLA. 

State  minimization  of  incompletely  specified  finite-state  machines 

is  much  more  complex  than  completely  specified  finite-state  machines  due 

to  state-splitting  (Ref  1:406).  An  unspecified  state  is  a  state  whose 

output  is  not  designated  as  true  or  false.  Since  the  unspecified  state 

can  be  specified  as  a  1  or  0,  the  state  must  be  split  into  two  rows  in 

the  symbolic  state  table.  One  of  the  new  rows  has  the  state  output 

specified  as  a  1.  The  state  output  of  the  other  row  is  a  0.  If  a  row 

% 

in  the  symbolic  state  table  had  two  unspecified  states,  four  new  rows 
would  have  to  be  added  to  the  symbolic  state  table  in  order  to  account 
for  all  possible  combinations  of  the  two  unspecified  states. 
State-splitting  can  quickly  expand  the  size  of  the  symbolic  state  table 
and  vastly  increase  the  number  of  computations  required  just  to  reduce 


Background 


Computer  Aided  Design  Tools.  This  thesis  is  concerned  with  the 
development  of  a  computer  aided  design  (CAD)  tool  that  Implements 
synchronous  finite-state  machine  designs  with  programmable  logic  arrays 
(PLA).  This  CAD  tool  operates  in  the  Air  Force  Institute  of 
Technology's  (AFIT)  CAD  environment.  Currently,  AFIT  CAD  facilities 
are  capable  of  designing  very  large  scale  integrated  (VLSI)  circuits. 
These  facilities  operate  under  UNIX  on  the  VAX  11/780  computer.  Many 
of  the  CAD  tools  presently  used  at  AFIT,  and  UNIX  itself,  are  written  in 
the  C  language. 

The  Caltech  Intermediate  Format  (CIF)  is  used  to  specify  VLSI 
circuits  at  AFIT.  CIF  files  are  very  exact  specifications  of  the 
actual  masks  used  to  fabricate  an  integrated  circuit.  Like  assembly 
language  programming,  CIF  programming  is  very  tedious.  Fortunately,  a 
higher  order  language  that  generates  CIF  files  exists  on  the  VAX  11/780. 
This  language,  called  the  Chip  Layout  Language  (CLL),  is  an  English-like 
language  that  allows  the  use  of  symbols,  constants,  and  arithmetic 
expressions  rather  than  the  direct  coded  chip  layouts  of  CIF.  The  CAD 
tool  developed  by  this  thesis  functions  as  a  higher  order  language  that 
creates  another  level  of  abstraction  between  the  designer  and  CLL. 


Synchronous  Finite-State  Machines.  The  synchronous  finite-state 
machines  implemented  by  this  thesis  are  devices  that  transition  between 
stable  states  when  triggered  by  a  clock  signal.  The  synchronous 
finite-state  machine  (SFSM)  accepts  inputs  at  the  beginning  of  a 
transition,  generates  outputs  during  the  transition,  and  finally  arrives 
at  a  new  state.  The  inputs  and  outputs  include  the  present  and  next 
states  respectively.  All  states,  inputs,  transitions,  and  outputs  are 
completely  specified.  Examples  include  computer  control  units,  traffic 
lights,  and  digital  watches. 


LG  ■  Light  Green  Input  ■  1  Time  Out 

LY  -  Light  Yellow  -  0  Not  Time  Out 

LR  ■  Light  Red  Output  ■  1  Walk  Sign  on 

-0  Don't  Walk 
Sign  on 

Figure  1-3.  Symbolic  State  Transition  Table 


A  SFSM  is  generally  designed  using  either  a  Mealy  or  Moore  state 
diagram  which  graphically  depicts  each  state, 'state  transitions,  inputs, 
and  outputs.  A  state  diagram  can  be  directly  translated  to  a  symbolic 
state  transition  table.  Figure  1-3.  Each  state  symbol  represents  an 
actual  physical  mode  of  the  SFSM.  For  example,  state  LG  represents  the 
traffic  light  mode  in  which  the  green  light  is  on  and  the  red  and  yellow 
lights  are  off.  The  inputs  and  outputs  are  coded  in  a  binary  format. 


The  input  codes  designate  the  columns  of  the  Next  State  portion  of  the 
table.  The  next  state  and  output,  separated  by  a  slash,  are  listed  in 
the  appropriate  column  and  row. 

Figure  1-3  is  an  example  of  a  symbolic  state  transition  table  that 
describes  the  operation  of  a  simple  traffic  light.  The  possible 
situations  or  states  for  this  traffic  light  are  listed  in  the  Present 
State  column.  A  Time  Out  signal  is  the  only  input.  The  symbolic  state 
table  shows  all  possible  transitions  from  the  present  to  next  state 
given  that  the  input  is  a  1  or  0.  The  table  also  shows  when  the  walk 
sign  will  be  turned  on  by  the  output  code  following  the  slash  in  the 
Next  State  column.  The  program  developed  by  this  thesis  uses  this  type 
of  information  as  input. 

Summery  of  Current  Knowledge 


A  SFSM  is  fabricated  by  digitally  encoding  the  information  shown  in 
Figure  1-3,  minimising  the  encoded  information,  and  then  generating  a 
VLSI  circuit  that  implements  the  SFSN.  The  two  basic  circuits  of  an 
SFSM  are  the  combinational  logic  and  memory  elements.  The  combinational 
logic  transforms  the  state  machine  inputs  and  present  state  into  the 
outputs  and  next  state.  The  memory  elements  retain  the  present  state  of 
the  synchronous  finite-state  machine  until  the  next  transition.  When 
the  clock  pulse  is  received,  the  next  state  furnished  by  the 
combinational  logic  becomes  the  new,  present  state  in  the  memory 


elements 


SFSM  a  can  ba  raalisad  in  savaral  ways.  One  way  is  to  create  a 
prograaaable  logic  array  (PLA).  A  PLA  has  several  advantages  over  other 
aethods,  especially  when  VLSI  constraints  are  considered.  VLSI  circuits 
are  auch  denser  if  the  circuit  is  coaposed  of  a  basic  cell  that  is 
repeated  in  a  aatrix  array.  Since  only  the  basic  cell  must  be  designed, 
array  structures  also  require  less  tine  to  design  than  a  circuit  made 
froa  discrete  components.  Memory  circuits  and  PLAs  are  examples  of 
cells  used  repeatedly  in  a  aatrix. 

The  U  ,hase  clock  that  controls  the  PLA  input  and  output  buffers 
has  two  major  advantages.  The  first  advantage  is  the  latch  formed  by 
the  clocked  input  and  output  buffers.  This  latch  is  an  inherent  D 
flip-flop.  Since  this  D  flip-flop  can  be  used  as  the  required  SFSM 
aesra ry  eleaent,  the  PLA  iapleaentation  of  a  SFSM  does  not  require 
external  memory.  The  second  advantage  is  that  the  SFSM  is  insensitive 
to  data  propagation  delays  in  the  PLA  matrix.  However,  this  is  only 
true  if  the  clock  cycle  is  longer  than  any  propagation  time  through  the 
PLA  combinational  logic. 


Phase  1 
Phase  2 


Figure  1-4.  Two  Phase  Clock 


The  clock  consists  of  two  phases  which  are  never  "high"  at  the  same 
time  and  are  both  "low"  for  a  abort  time  between  phases.  This  is  shown 
in  Figure  1-4.  The  input  and  output  buffers  are  clocked  by  different 
phases.  For  purposes  of  discussion,  the  input  buffer  will  be  clocked  by 
phase  1  and  the  output  buffer  will  be  clocked  by  phase  2.  The  clocking 
mechanism  for  the  buffers  are  pass  transistors  in  the  data  path.  These 
pass  transistors  are  activated  only  when  the  controlling  phase  is  high. 
Data  is  passed  to  the  buffer  when  the  pass  transistors  are  activated. 
Any  changes  in  the  data  will  also  be  passed  to  the  buffer  while  the  pass 
transistor  is  activated.  Once  the  clock  phase  transitions  low,  further 
changes  in  the  data  will  have  no  affect  on  the  buffer  and  the  data  in 
the  buffer  is  used  by  the  next  stage  of  the  PL A.  For  this  reason,  data 
is  considered  clocked  into  the  buffer  on  the  falling  edge  of  the  clock 
phase. 

The  block  diagram  in  Figure  1-5  shows  the  feedback  lines  which 
connect  the  output  and  input  buffers.  The  output  buffers  contain  the 
next  state  of  the  SFSM.  The  input  buffers,  which  contain  the  SFSM's 
present  state,  act  as  D  flip-flops.  They  retain  the  present  state  of 
the  SFSM  during  phase  2  when  the  next  state  and  outputs  are  generated  by 
the  PLA  matrix.  The  SFSM  transitions  between  states  during  phase  1  when 
the  next  state  is  clocked  into  the  input  buffers  via  the  feedback  lines. 
The  input  buffers  function  as  D  flip-flops  by  outputting  the  same 
information  that  is  clocked  into  them  and  remembering  this  data  until 
new  date  is  clocked  in. 


Figure  1-5.  Programmable  Logic  Array  Block  Diagn 


A  PLA's  insensitivity  to  propagation  delays  is  a  result  of  the  two 
phase  clock  discussed  above.  Information  from  the  input  buffers  begins 
to  propagate  through  the  PLA  matrix  at  the  beginning  of  phase  1.  At  the 
end  of  phase  1,  the  data  is  clocked  into  the  input  buffer  and  the  input 
data  can  no  longer  change.  Data  is  clocked  into  the  output  buffers  in 
the  same  manner  during  phase  2.  The  data  clocked  into  the  input  buffers 
has  until  the  end  of  phase  2  to  propagate  through  the  PLA  matrix.  As 
long  as  the  time  between  clock  phases  is  longer  than  the  propagation 
time  through  the  PLA,  differences  in  data  propagation  times  will  have  no 
effect  on  the  PLA  output. 


REQUIREMENTS 


System 


PLAFST  is  required  to  enhance  AFIT's  CAD  capability  to  implement 
synchronous  finite-state  machines.  Enhancement  means  the  SFSM  designer 
works  at  the  symbolic  level  to  specify  state  transitions,  inputs,  and 
outputs.  The  designer  lets  PLAFST  handle  all  the  details  of  generating 
the  SFSM  CIF  specification  for  manufacture.  These  details  include  the 
reduction  of  the  symbolic  table,  optimum  state  assignment,  PLA 
generation,  and  generation  of  the  SFSM  CIF  specification.  Currently, 
only  the  PLA  generation  can  be  accomplished  by  an  automated  tool. 
PLAFST  must  also  be  user  friendly  and  be  integrated  into  the  AFIT  CAD 
environment.  As  a  user  friendly  program,  PLAFST  checks  the  input  file 
for  errors  and  supplies  meaningful  messages  about  the  type  of  error  and 
where  the  error  occured. 

Since  AFIT's  CAD  tools  for  VLSI  design  are  hosted  on  a  VAX  11/780 
running  UNIX,  PLAFST  must  also  execute  under  this  operating  system. 
Three  of  the  seven  tasks  listed  in  Chapter  1,  Approach,  can  be 
accomplished  by  programs  already  running  on  the  VAX  11/780.  This  leads 
to  the  idea  that  PLAFST  should  be  a  shell  script  that  calls  other 
programs  to  accomplish  specific  tasks.  A  shell  script  also  aids 
development  and  testing  of  the  entire  program.  Programs  for  each  task 
can  be  tested  individually  as  they  are  completed.  The  shell  script, 
itself,  can  be  tested  by  the  use  of  "stubs''  or  using  the  ECHO  command  to 
display  the  desired  command.  In  this  manner,  the  behavior  of  the  shell 


script  csn  be  tested  without  actually  running  the  celled  progress. 
SADTs  ere  used  to  strengthen  these  moduler  development  end  testing 
concepts.  Heintenence  of  PLAFST  end  it's  releted  programs  is  also 
enhanced  by  not  proliferating  computer  languages  within  the  APIT  CAD 
environment.  Since  UNIX,  PRESTO,  and  other  CAD  programs  are  written  in 
C,  all  programs  related  to  PLAFST  are  written  in  C.  This  includes  the 
shell  script  which  uses  C  like  commands. 
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m 


There  are  three  size  limits  that  must  be  considered.  The  first  is  the 


physical  size  of  the  SFSM.  PLAFST  assumes  that  the  SFSN  is  a  contiguous 
device  that  is  fabricated  on  single  die.  No  provisions  are  made  to 
split  SFSMs  across  more  than  one  die.  It  is  the  designer's 
responsibility  to  determine  if  the  SFSM  generated  by  PLAFST  exceeds  this 
criteria. 


The  second  size  consideration  is  the  host  computer  limits  in  terms  of 
time  and  resources.  Programs  that  are  used  by  PLAFST,  such  as  PLAGEN 
and  PRESTO,  may  have  additional  size  constraints.  Obvious  Indicators 
would  be  excessive  time  to  execute  PLAFST  and  messages  from  the  UNIX 
operating  system.  Since  PLAFST  provides  an  output  file  from  every 
program  module,  the  user  should  be  able  to  easily  determine  which  module 
exceeded  it's  own  limits  or  those  of  the  host  computer.  An  additional 
tool  is  the  PS  command.  This  command  shows  which  program  is  currently 
running  and  the  elapsed  execution  time. 
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The  third  consideration  is  the  actual  scaling  factor  for  lambda  used  in 
the  generation  of  the  SFSM.  The  lambda  size  must  be  supplied  by  the 
user. 

Options 


PLAFST  has  four  options.  The  first  option,  -s ,  allows  the  user  to 
stop  execution  of  the  program  after  the  PLA  has  been  generated.  The 
final  PLAFST  output  is  the  SFSM  PLA  CIF  specification  without  buffers  or 
feedback  lines.  The  SFSM  PLA  could  then  be  used  with  different  buffers 
or  connections  than  PLAFST  provides.  The  default  is  to  add  the  Stanford 
nMOS  Cell  Library  cells  PlaClockln  and  PlaClockOut  and  interconnect  the 
state  buffers  using  poly  and  diffusion  wires  (Ref  6). 

The  second  option,  -d,  is  for  debugging.  Print  statements  used  to 
debug  PLAFST  are  controlled  by  IF  statements  that  test  for  the  debug 
switch.  The  print  statements  output  to  the  standard  error  file  and  show 
the  effect  of  critical  data  manipulations.  ASSIGN,  the  program  which 
Implements  the  optimum  state  assignment  has  an  additional  debug  feature, 
mass-debug.  The  option  is  not  invoked  by  PLAFST.  It  can  be  used  by 
running  ASSIGN  with  the  -m  and  -d  options.  Mass-debug  must  be  used  with 
the  debug  option  to  provide  meaningful  output.  This  option  will 
generate  massive  files,  so  it  is  best  to  route  the  output  to  a  terminal 
for  viewing.  Even  small  state  tables  with  five  states  and  ten 
transitions  will  generate  mass-debug  files  in  excess  of  150k. 


The  third  and  fourth  options,  -sa  and  -gc,  control  the  state 
assignment  method.  The  -sa  option  merely  assigns  states  in  the  same 
order  as  the  input  file.  For  example,  the  first  state  would  be  assigned 
the  number  zero  and  the  fifth  state  would  be  assigned  the  number  4.  The 
-gc  option  assigns  the  state  values  using  a  gray  code.  The  gray  code 
assignment  method  has  no  more  than  one  binary  digit  difference  between 
adjoining  states.  For  example,  a  four  state  SFSM  would  have  state 
assignments  of  00,  01,  11,  and  10.  These  values  would  be  assigned  to 
the  symbolic  states  in  the  same  order  as  the  input  file. 

Inputs 


PLAFST  is  invoked  by  the  command  line: 

PLAFST  [  -s  ][  -d  ][  -sa,  -gc  ]  <  input. file 
The  input  file  includes  the  number  of  states,  inputs,  outputs,  a  C1F 
number,  and  the  lambda  size  on  the  first  line.  Subsequent  lines  include 
the  state,  input,  and  output  names.  The  input  and  output  names  are 
assumed  to  represent  independent  binary  variables.  The  next  two  blocks 
of  information  are  the  state  array  followed  by  the  output  array.  The 
input  file  is  not  sensitive  to  which  line  information  is  on,  only  the 
order  in  which  it  appears. 

The  delimiter  between  any  information  in  the  input  file  is  one  or 
more  spaces.  A  slash  and  any  number  of  spaces  is  used  to  separate 
output  variables  which  are  true  for  the  same  transition.  An  additional 


special  character  is  the  asterisk,  *,  which  denotes  an  error  recovery 
state.  The  error  recovery  state  must  be  preceded  by  the  asterisk  which 
may  not  have  intervening  spaces.  PLAFST  will  send  the  user  a  warning  if 
an  error  state  is  not  included.  The  reasons  for  and  against  an  error 
state  are  discussed  under  State  Assignment  in  Chapter  1.  The  general 
format  and  a  specific  example  (Ref  7:87)  are  shown  in  Figures  II-l  and 
II-2. 


435  950  2.5  /*  #_states,  #_inputs,  #_outputs,  CIF_#,  lambda  */ 

*HG  /*  Designated  error  state  and  first  symbolic  state  */ 

HY  /*  Symbolic  states  */ 


long_timeout 
short  timeout 


/ *  Input  names 


/*  Output  names 


HG  HG  HG  HG  HG  HG  HY  HY 
HY  FG  HY  FG  HY  FG  HY  FG 
FY  FY  FY  FY  FG  FG  FY  FY 
FY  HG  FY  HG  FY  HG  FY  HG 


/*  Next  state  array 


fO  fO  fO  fO  fO  fO  fO/s  fO/s  / 

hl/fO  hl/fO/s  hl/fO  hl/fO/s  hl/fO 
hl/fO/s  hl/fO  hl/fO/s  hO/s  hO/s  hO/s 
hO/s  hO  hO  hO/s  hO/s  hl/fO  hl/fO/s 
hl/fO  hl/fO/s  hl/fO  hl/fO/s  hl/fO  hl/fO/s 


/*  Output  array 


Figure  11-1.  Input  Array  Example 


The  number  of  states,  inputs,  and  outputs  must  be  supplied  to 
PLAFST  so  that  it  can  determine  what  each  symbol  is  supposed  to 
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represent.  The  CIF  number  which  PLAFST  uses  must  be  supplied  to  CLL  and 
PLAGEN.  PLAGEN  additionally  requires  that  the  lambda  size  be  specified. 


Symbol  names  must  be  25  characters  or  less  and  include  the 
alphabet,  0-9,  and  the  underline  character,  _.  The  characters  may  be  in 
any  order  and  case  is  significant.  These  conventions  are  tailored  after 
CLL. 


#_states  #_inputs  #_outputs  CIF_#  lambda 

State  Names 

Input  Names 

Output  Names 

State  Array 

Output  Array 

Figure  II-2.  Input  Array  General  Format 

The  order  in  which  the  symbols  are  listed  is  extremely  important. 
PLAFST  uses  the  order  of  the  state  and  input  names  to  decode  the 
information  in  the  array.  PLAFST  assumes  that  the  input  is  a  standard 
symbolic  state  table  such  that  the  present  states  are  listed  vertically 
and  the  inputs  are  listed  horizontally  across  the  top  of  the  state 
table.  The  first  state  name  is  associated  with  the  first  row  of  the 
state  table.  The  next  state  name  is  paired  with  the  next  row.  In  a 
similar  manner,  the  first  input  name  is  associated  with  the  left  most 
column  in  the  state  table.  Successive  input  names  should  head  the 
remaining  columns.  Input  names  will  arbitrarily  be  assigned  increasing 


binary  values  from  left  to  right.  The  first  input  name  is  assigned  the 
binary  value  zero.  Input  names  are  placed  in  the  SFSM  PLA  in  the  same 
order  as  the  input  file.  The  first  input  name  is  the  left  most  input  to 
the  PLA.  In  the  same  manner,  the  outputs  are  ordered  from  left  to  right 
according  to  their  order  in  the  input  file.  The  first  output  name  is 
the  left  most  output  from  the  PLA. 

The  first  array  is  the  state  transition  array.  This  array  is 
listed  in  order  by  row  with  each  row  listed  from  left  to  right.  The 
output  array  follows  the  state  transition  array  and  is  organized  in  the 
same  manner.  However,  there  are  some  differences.  The  output  variables 
are  listed  only  if  they  are  true  for  a  given  transition.  There  may  also 
be  more  than  one  output  variable  true  at  the  same  time.  In  this  case, 
the  variables  are  separated  by  a  slash,  /,  and  by  any  number  of  spaces. 
A  zero  must  be  used  to  show  that  none  of  the  outputs  are  true  for  a 
given  state.  This  is  required  to  preserve  the  order  of  the  output 
array . 


PLAFST  determines  if  the  correct  number  of  states  and  outputs 


appear  and  sends  an  appropriate  message  to  the  user 
number  causes  the  program  to  stop  execution. 


An  incorrect 


SYSTEM  DESIGN 


Overview 


PLAFST  was  designed  at  the  system  level  using  SADTs.  This  approach 
starts  with  the  basic  inputs,  outputs,  and  some  means  to  convert  the 
inputs  into  the  outputs.  The  means,  in  this  case,  is  PLAFST.  This  is 
shown  in  Figure  III-l,  Node  A-0.  Node  A-0  is  decomposed  into  more 
detailed  levels.  Each  successive  level  gives  more  information  about  how 
an  input  is  transformed  into  an  output.  This  progression  is  seen  in 
Nodes  AO,  Al,  and  A3.  Node  A2  is  not  broken  down  past  the  AO  level 
since  the  only  program  in  A2  is  PLAGEN.  PLAGEN  is  an  existing  program 
that  will  not  be  altered  during  the  development  of  PLAFST. 

The  remainder  of  this  chapter  is  devoted  to  the  SADT  documents. 
These  include  the  Node  List,  Data  Dictionary,  and  the  node  descriptions. 
The  Node  List  contains  the  names  of  all  nodes.  The  Data  Dictionary 
defines  all  information  passed  between  nodes.  The  node  descriptions 
elaborate  on  the  tasks  accomplished  by  each  node. 


Mode  List 


Node  A-0:  PLAFST  -  Programmable  Logic  Array  From  State  Table 
Node  AO:  PLAFST 

Node  Al:  Manipulate  State  Table 

Node  All:  Reduce  Symbolic  Table 


Node  A12:  Assign  States 


Node  A13:  PRESTO 


Node  A14:  Change  Format 


Node  A2:  PLAGEN 


Node  A3:  Make  SFSM 


Node  A31:  Add  Clocked  Buffers 


Node  A32:  Connect  State  Buffers 


Node  A33:  CLL 


Data  Dictionary 


All  Nodes: 


Keyboard  Input:  The  command  line  entered  to  the  UNIX  operating 
system.  The  command  line  includes  PLAFST  and  the  input  file. 
The  command  line  may  include  the  option  to  stop  program 
execution  after  PLAGEN. 

PLA  C1F  Specification:  The  CIF  file  that  describes  the  PLA  that 
implements  the  SFSM. 

PLA  Truth  Table:  The  truth  table  that  describes  the  SFSM  PLA  after 


the  states  have  been  assigned. 

Reduced  PLA  Truth  Table:  The  PLA  Truth  Table  after  the  combinational 
logic  has  been  reduced. 

Reduced  Symbolic  State  Table:  The  original  input  state  array  after 
it  has  been  reduced  through  equivalence  partitioning. 

SFSM  CIF  Specification:  The  CIF  file  that  describes  the  SFSM  PLA 
including  the  clocked  buffers  and  interconnected  states. 
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SFSH  Plot:  A  plot  of  the  SFSM  integrated  circuit. 

Symbolic  State  Table:  The  original  state  array  from  the  input  file 


Mode  AO,  Al,  and  A3: 

PLAFST  Control:  The  sequence  of  control  by  the  shell  script. 


Node  Al: 

Dot  Format:  This  file  is  the  Reduced  PLA  Truth  Table  in  the 
format  used  by  PRESTO.  The  format  must  be  changed  before 
PLAGEN  can  use  the  information  in  the  truth  table. 


Node  A3: 

Partial  SFSM  CLL  Description:  A  CLL  program  that  includes  the 
SFSM  PLA  and  the  clocked  buffers.  The  state  buffers  are  not 


yet  connected 


PLAFST  is  a  UNIX  shell  script  that  initiates  various  other  programs 
to  generate  the  files  shown  from  the  symbolic  state  table  input.  The 
files  are  generated  in  the  order  shown  from  top  to  bottom.  The  final 
outputs  are  the  PLA  implementation  of  the  SFSM  specified  by  the  input 
file.  Reference  Figure  III-l. 


Mode:  A-0 

Title:  PLAFST  -  Programmable  Logic  Array  From  State  Table 
Date:  3  Jul  83 
Rev.:  1.0 


11  Keyboard  Input 

1 

Reduced  Symbolic 

State  Table 

12  Symbolic  State 

PLA  Truth  Table 

Table 

PLAFST 

Reduced  PLA  Truth  Table 

PLA  CIF  Specification 

SFSM  CIF  Specification 


■ode  AO 


This  node  shows  the  primary  breakdown  of  PLAFST.  PLAFST  consists 
of  three  main  modules.  The  first  module  manipulates  the  input  file  into 
a  PLA  truth  table.  The  second  module  generates  the  PLA  structure. 
Finally,  the  third  module  adds  the  necessary  buffers  and  connections  to 
complete  the  SFSN.  Reference  Figure  111-2. 


Node  A1  -  Manipulate  State  Table.  This  node  accomplishs  the  first 
of  the  three  tasks  listed  the  Approach  section  of  Chapter  1.  The  input 
symbolic  state  table  is  reduced  using  equivalence  partitioning.  The 
states  are  assigned  optimum  binary  values  and  the  PLA  Truth  Table  is 
generated.  The  combinational  logic  is  reduced  to  make  the  Reduced  PLA 
Truth  Table  file. 


Node  A2  -  PLAGEN.  This  node  consists  of  the  program  PLAGEN. 
PLAGEN  creates  the  PLA  Structure  from  the  Reduced  PLA  Truth  Table. 


Node  A3  -  Make  SFSM.  This  node  modifies  a  CLL  program  with  dummy 
variables  in  order  to  add  clocked  buffers  and  state  interconnections  to 
the  PLA  generated  by  PLAGEN.  This  node  may  not  be  executed  if  the 
option,  -s,  is  used  in  the  command  line.  In  this  case,  the  final  output 
is  the  file  created  by  PLAGEN. 
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Mode:  AO 

Title:  PLAFST  -  Programmable  Logic  Atrey  From  State  Table 
Date:  3  Jul  83 
Rev.:  1.0 

<b  11 

i  PLAFST  Control 


12  Syabolic 

State  Table 


Manipulate 

State 

Table 


Reduced  Syabollc 
State  Table  01 


PLA  Truth  Table 

02^ 

Reduced  PLA 

Truth  Table 

03 

PLAGEM 


PLA  CIF 

Specification 

04 

Make  SFSM 


SFSM  CIF 
Specification 

05 

SFSM  Plot 

06 

■ode  A1 


This  node  shows  the  system  level  details  of  transforming  the  input 
file  into  the  Reduced  PLA  Truth  Table.  The  first  module  reduces  the 
symbolic  state  table  in  the  input  file.  The  second  module  is  the  most 
complex.  It  contains  the  algorithm  for  assigning  optimum  binary  values 
to  each  of  the  symbolic  states.  PRESTO,  the  third  module,  already 
exists  in  the  AFIT  CAD  library.  It  reduces  the  combinational  logic  of 
the  PLA  Truth  Table.  The  final  module,  A14,  transforms  the  format  used 
by  PRESTO  to  the  format  used  by  PLAGEN .  Reference  Figure  III-3 

Mode  All  -  Reduce  Symbolic  Table.  This  module  implements  the 
equivalence  partitioning  algorithm  discussed  in  the  Approach  section  of 
Chapter  1.  The  symbolic  states  are  divided  into  equivalent  partitions 
and  one  state  is  chosen  from  each  partition.  These  states  are  then 
organized  into  the  Reduced  Symbolic  State  Table. 

Node  A12  -  Assign  States.  This  module  performs  the  Noe  and  Rhyne 
modified  SHR  optimal  state  assignment  algorithm  for  D  flip-flops.  The 
algorithm  has  four  basic  parts.  The  first  determines  the  state 
assignment  column  variables.  The  second  part  calculates  the  cost  of 
each  of  these  variables.  The  third  step  sorts  the  cost  estimates  in 
monotonically  nondecreasing  order.  The  fourth  step  performs  an  ordered 
search  on  the  sorted  cost  estimates  to  determine  an  optimum  state 
assignment.  The  solution  may  not  be  unique  and  does  not  consider  the 
outputs. 
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PRESTO 
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Node  A13  -  PRESTO.  This  ia  a  program  currently  in  use  at  AFIT. 
PLAFST  supplies  the  file  generated  by  Assign  States  to  PRESTO  and  uses 
the  output  file  to  generate  the  PLA  structure. 


Node  A14  -  Change  Format.  Not  all  CAD  programs  at  AFIT  are 
compatible.  Before  the  output  file  from  PRESTO  can  be  used  by  PLAGEN  to 
make  the  SFSM  PLA,  the  format  of  the  file  must  be  changed.  This  program 
accomplishes  this  task. 
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This  node  modifies  a  CLL  program  with  dummy  variables.  The  dummy 
variables  include  the  CIF  number  for  calling  the  SFSM  PLA,  the  number  of 
clocked  buffers,  and  the  number  of  state  buffers.  Reference  Figure 
III-4. 


Node  A31  -  Add  Clocked  Buffers.  This  modules  modifies  the  number 
of  clocked  buffers  connected  to  the  SFSM  PLA  in  the  CLL  program.  This 
number  is  calculated  from  the  size  of  the  Reduced  PLA  Truth  Table. 

Node  A32  -  Connect  State  Buffers.  This  module  adds  the  correct 
number  of  wires  to  interconnect  the  state  buffers.  This  number  is  also 


calculated  from  the  size  of  the  Reduced  PLA  Truth  Table 
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Figure  III-4.  Node  A3 
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DETAILED  DESIGN 


Overview 


This  chapter  considers  only  two  nodes  from  the  system  SADTs.  Nodes 
All,  Reduce  Symbolic  Table,  and  A12,  Assign  States,  provide  the  optimum 
truth  table  that  is  processed  by  existing  programs  in  the  AFIT  CAD 
library.  PLAFST  uses  three  powerful  CAD  programs  to  accomplish  the  VLSI 
circuit  design  and  specification.  These  programs  are  PRESTO,  PLAGEN, 
and  CLL.  Since  these  programs  are  used  as  "black  boxes",  the  system 
design  description  can  adequately  specify  their  inputs  and  outputs.  The 
three  remaining  nodes  were  also  adequately  discussed  in  the  system 
design.  These  nodes  are  A14,  A31,  and  A32.  They  deal  with  file  format 
changes  and  simple  scaling  of  dummy  variables  within  an  established 
file. 


Reduced  Symbolic  Table 


This  node  is  not  broken  into  lower  level  SADTs  because  the 
algorithm  is  a  straightfoward  sorting  routine.  This  routine, 
equivalence  partitioning,  consists  of  two  parts  (Ref  3:19-23).  The 
first  is  a  presort  of  the  symbolic  states.  The  states  are  partitioned 
into  equivalent  groups  that  generate  identical  outputs  for  each  possible 
input  condition.  The  states  are  then  sorted  a  second  time  by  state 
transitions  only. 


The  second  sort  partitions  the  states  into  groups  with  identical 
transitions  for  each  of  the  possible  inputs.  Transitions  are  identical 
if  they  are  between  the  same  groups  as  partitioned  by  the  previous  sort. 
The  second  sort  is  repeated  until  no  changes  are  made  in  the  groups  of 
states.  Once  the  sorting  process  is  completed,  one  state  from  each 
equivalence  partition  is  chosen.  These  states  form  the  reduced  state 
table. 

Primary  error  checking  is  also  be  done  by  this  routine.  Error 
checking  is  based  on  the  first  five  numbers  in  the  input  file.  These 
numbers,  in  order,  are  the  number  of  states,  inputs,  and  outputs,  the 
C1F  number,  and  the  lambda  size.  They  control  the  number  of  symbolic 
names  and  the  size  of  the  next  state  and  output  arrays.  The  error 
checking  detects  if  the  symbolic  names  do  not  match  those  in  appropriate 
array.  It  also  detects  if  the  array  dimensions  are  too  large  or  small. 

Assign  States 


This  node  contains  the  algorithm  for  an  optimum  state  assignment 
and  is  the  heart  of  this  thesis.  The  algorithm  is  a  modification  of  the 
SHR  optimal  state  assignment  algorithm  developed  in  the  early  1970's  by 
Story,  Harrison,  and  Reinhard  (Ref  4).  Modifications  to  the  SHR 
algorithm  were  presented  in  a  series  of  articles  through  1977  written  by 
Hoe  and  Rhyne  (Ref  5,  8-10).  These  modifications  included  generation  of 
the  basic  column  variable  set,  cost  estimation,  and  application  of  the 
algorithm  to  the  D  flip-flop  case.  The  algorithm  is  discussed  in  detail 
in  the  following  paragraphs.  The  SADT  description  follows  this 


discussion.  Node  descriptions  refer  back  to  the  detailed  discussion. 


Step  1  -  Basic  Column  Set.  The  algorithm  is  based  on  the  concept 
of  a  state  assignment  column.  A  state  assignment  column  is  one  bit  wide 
and  N  bits  long.  N  is  the  number  of  states  in  the  state  table.  The 
state  assignment  columns  are  used  in  groups  of  n  where  n  is  an  integer 
greater  than  or  equal  to  log  (R).  An  example  of  three  state  assignment 
columns  is  shown  in  Figure  IV-1.  These  state  assignment  columns  are 
from  Figure  IV-2  which  depicts  the  the  basic  column  set  for  a  state 
table  with  five  states.  A  five  state  SFSM  requires  three  state 
variables,  so  three  state  assignment  columns  are  used.  The  optimization 
Noe  and  Rhyne  algorithm  is  shown  in  the  Example  section,  Chapter  IV. 

The  state  assignment  columns  are  also  called  y-variables  and  are 
subscripted.  The  subscript  is  the  decimal  value  of  the  binary  state 
assignment  column  read  from  top  to  bottom.  The  top  bit  is  the  most 
significant.  Figure  IV-1  also  shows  a  valid  state  assignment.  Reading 
across  the  columns,  each  row  of  bits  is  unique. 

y  y  y 

4  9  14 

0  0  0 
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0  10 


Figure  IV-1*  Three  State  Assignment  Columns 


The  basic  column  set  is  the  minimum  number  of  state  assignment 
columns  that  must  be  investigated  to  arrive  at  an  optimal  state 
assignment.  The  basic  column  set  is  significantly  smaller  than  the 
total  number  of  distinct  state  assignment  columns.  For  example,  a  five 
state  machine  would  have  65,535  distinct  state  assignment  columns,  but 
the  minimum  set  has  only  15  columns  (Ref  8:  Table  1).  One  can  see  that 
if  all  states  were  investigated,  state  assignment  problems  would  quickly 
require  impossible  amounts  of  computer  time,  like  the  classic  traveling 
salesman  problem. 


The  method  for  determining  the  basic  state  assignment  column  set 
depends  on  whether  the  number  of  states,  R,  is  equal  to  one  more  than  a 
power  of  two.  If  R  *  (2m  +  1)  where  m  is  any  integer,  then  the  state 

assignment  columns  can  be  listed  directly  (Ref  8:874).  The  y-varlables 
are  subscripted  in  the  same  manner  as  Figure  IV-1. 


y  i  y  »  y  » 

12  3 


In  all  other  cases  the  y-variables  must  be  generated.  The  formula 
for  generating  the  y-variables  is  shown  below  (Ref  8:874).  The  number, 
n,  is  an  Integer  equal  to  log  (R) . 


The  complements  of  each  of  these  y-variables  must  also  be 
determined  for  the  D  flip-flop  case.  The  y-variable  complements  can  be 
listed  directly,  regardless  of  R,  by: 

„  R 

y_  where:  i  *  2  -  i  -  1 

i 

The  basic  column  set  includes  the  y-variables  generated  by  the 
appropriate  method  and  their  complements.  An  example  for  R  *  5  is 

shown  below.  Mote  that  although  the  y-variables  can  be  simply  listed, 
they  can  also  be  generated  by  the  method  used  when  R  is  even.  Figure 
1V-2  shows  the  variables  generated  by  simply  listing  them  and  the 
corresponding  binary  values. 

yyyyyyyyyy  y  y  y  y  y 

1  2  3  4  5  6  7  8  9  10  11  12  13  14  15 

0000000000  0  0  0  0  0 

0000000111  1  1  1  1  1 

0001111000  0  1  1  1  1 

0110011001  1  0  0  1  1 

1010101010  1  0  1  0  1 

Figure  IV-2.  Basic  Colusa  Set  For  R  ■  5 

The  generation  method  for  R  is  shown  in  Figure  IV-3  for  comparison 
purposes  with  R  ■  5.  The  variable,  rl,  refers  to  the  first  row  as  shown 
in  Figure  IV-2.  The  r  variables  to  the  left  of  the  vetical  bar  are  0s 
and  the  variables  to  the  right  are  Is.  Each  group  of  row  variables 
describes  a  single  column  shown  in  Figure  IV-2.  For  example,  the  first 
group  specifies  y, -  . 


|5\  *  (rllr2,  r3,  r4,  r5),  (rl,  r3,  r4,  r5|r2),  (rl,  r4,  r5,  r2|r3), 

\lj  (rl,  r5,  r2,  r3lr4),  (rl,  r2,  r3,  r4|r5) 

|5|  ■  (rl,  r2lr3,  r4,  r5) ,  (rl,  r3lr4,  r5,  r2),  (rl,  r4|r5,  r2,  r3), 

\ 2/  (rl,  r5|r2,  r3,  r4) ,  (rl,  r2,  r3|r4,  r5),  (rl,  r3,  r4|r5,  r2), 

(rl,  r4,  r5lr2,  r3),  (rl,  r5,  r2|r3  ,r4),  (rl,  r5,  r3|r4,  r2), 

(rl,  r4,  r2|r3,  r5) 

Figure  IV- 3.  Basic  Set  Column  Generation  For  R  ■  5 

Step  2  -  Cost  Estimation.  Cost  estimation  is  used  to  derive  the 
minimum  cost  of  a  particular  state  assignment  column.  Cost  is  defined 
as  the  number  of  inputs  to  a  two  level  AND-OR  gate  array.  The  cost 
estimation  method  uses  a  modified  Karnaugh  map.  The  inputs  are  assumed 
to  have  a  predetermined  binary  code.  The  input  codes  are  arranged 
across  the  top  of  the  modified  map  exactly  like  a  Karnaugh  map.  The 
state  symbols,  S  ,  are  listed  along  the  vertical  axis  of  the  state 
table.  The  modification  assumes  that  all  rows  that  are  a  power  of  two 
are  group  adjacent  (Ref  4:1368).  "This  assumption  provides  a  degree  of 
adjacency  between  the  S  minterms  that  is  as  great  or  greater  than  can 
exist  for  an  actual  coding  of  the  S  minterms,  and  consequently  it 
provides  a  lower  bound  on  the  cost  of  an  excitation  expression 
regardless  of  the  coding  that  may  be  subsequently  assigned  to  the  S 
minterms  (Ref  4:1369)."  Later  steps  that  determine  the  actual  costs  of 
the  y-variable  state  assignment  do  not  follow  this  last  assumption. 

Noe  and  Ryhne  further  restrict  the  cost  estimation  procedure  by 
requiring  that  unassigned  states  in  the  y-variable  be  assigned  a  1  or  0 


such  that  the  number  of  0's  equal  the  number  of  l's.  They  also  require 
that  any  group  of  states  that  cross  the  boundary  between  y  ■  one/zero 
contain  an  equal  number  of  states  from  each  side  of  the  boundary.  This 
idea  is  illustrated  in  the  Example  section. 

The  additional  restrictions  made  by  Noe  and  Ryhne  result  in  a  set 
of  minimum  numbers  that  is  equal  to  or  greater  than  the  minimum  numbers 
generated  by  an  unmodified  SHR  procedure.  This  can  reduce  the  number  of 
trials  made  by  the  Story,  Harrison,  and  Reinhard  (SHR)  search  procedure 
(Ref  9:328). 

The  cost  estimation  procedure  begins  by  assigning  each  state  in  the 
state  table  a  1  or  0  based  on  the  particular  y-variable.  The  unassigned 
state  table  rows  are  then  assigned  a  1  or  0  so  that  the  total  number  of 
rows  with  y  ■  0  equals  the  number  of  rows  with  y  ■  1.  Don't  care 
symbols  are  denoted  by  a  "x".  The  l's  and  x's  are  grouped  together  like 
Karnaugh  maps  with  two  exceptions.  The  first  is  that  groups  that  cross 
the  y  “  0/y  -  1  boundary  must  have  an  equal  number  of  terms  on  each 
side  of  the  boundary.  The  second,  discussed  above,  is  that  rows  that 
are  a  power  of  two  are  considered  group  adjacent. 

Once  the  states  have  been  properly  grouped  together,  the  cost 
estimate  algorithm  is  shown  below.  The  cost  estimation  procedure  is 
repeated  for  the  complements  of  each  of  the  y  variables.  The  lesser  of 
the  two  estimates  is  then  used  as  the  minimum  possible  cost  for  the 
y-variable  in  the  ordered  search. 


Where: 


(NL  +  NT  -  SLT 
NL 
0 


NT  >  1 

NT  -  1,  SLT  -  0 
NT  -  1,  SLT  =  1 


rn 


NT  ■  Number  of  Terms 
NL  ■  Number  of  Literals  ■  m  +  n  -  q 
SLT  *  Number  of  Single  Literal  Terms 
m  ■  log  (Number  of  Inputs) 

n  ■  log  (Number  of  State  Variables)  ■  log  (R) 

q  ■  log  (Number  of  Literals  in  Group) 

m,  n,  and  q  are  integers 
Figure  IV-4.  Coat  Equations 

This  cost  estimate  applies  directly  to  a  PLA.  NL,  the  number  of 
literals,  is  the  number  of  product  terms  that  must  be  generated  in  the 
PLA.  The  area  required  by  the  PLA  increases  proportionately  with  NL. 
NT  and  SLT  are  related  to  the  power  consumption  of  the  PLA.  NT  is  the 
number  of  pass  transistors  on  a  given  product  term  line.  The  larger  NT 
is,  the  more  power  is  required  to  generate  the  particular  term.  SLT 
refers  to  a  product  term  that  has  only  one  pass  transistor.  Power 
consumption  decreases  with  larger  values  of  SLT  for  a  given  total  number 
of  inputs. 

Step  3  -  Sort.  The  y-variables  are  sorted  in  nondecreasing  order 
based  on  the  cost  estimate  obtained  previously.  A  bubble  sort  is  used 
which  generally  takes  0(n*)  time  (Ref  11:257).  In  this  case,  the  bubble 
sort  does  not  have  a  significant  affect  on  the  execution  time.  The  sort 
is  used  only  once  on  a  small  number  of  integers.  These  integers  are  the 
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cost  estimates  for  each  of  the  y-variables.  When  the  integers  are  moved 
in  their  array,  two  associated  character  strings  are  moved.  The 
overhead  is  extremely  low  since  only  integers  are  compared  and  the 
number  of  sorted  items  is  small.  For  example,  when  the  number  of  states 
is  equal  to  five,  there  are  only  15  y-variable  sets  to  sort. 

Step  4  -  Ordered  Search.  The  last  step  is  the  ordered  search  of 
the  y-variable  sorted  list  for  an  optimum  state  assignment.  The  first 
step  is  to  find  a  valid  state  assignment.  State  assignments  are  made 
with  n  state  assignment  columns  or  y-variables.  The  number,  n,  is  equal 
to  log2(R).  The  first  assignment  scheme  is  made  by  pairing  the  first 
y-variable  in  the  sorted  list  with  the  appropriate  number  of  successive 
variables.  A  valid  assignment  has  a  unique  designation  for  each  state 

in  the  state  table.  Not  all  combinations  of  the  state  assignment 

columns  form  a  valid  assignments.  Once  a  valid  assignment  scheme  is 
found,  the  actual  cost  of  each  y-variable  is  determined  by  the  same 
method  as  cost  estimation  except  that  commonality  of  terms  is  not 
considered  (Ref  4:1369).  This  means  that  the  restrictions  added  by  Noe 
and  Rhyne  are  removed  and  rows  that  are  powers  of  two  are  not  considered 
group  adjacent. 

The  minimum  and  actual  cost  estimates  for  each  y-variable  in  the 
scheme  are  then  totaled  and  the  minimum  and  actual  cost  are  compared. 
The  search  stops  when  the  actual  cost  is  equal  to  the  minimum  cost  or  if 
the  next  state  assignment  scheme  has  a  higher  minimum  cost  than  the 
current  actual  cost.  Figure  IV-5  shows  a  flow  chart  of  the  search 


procedure 


MNS  •  Minimum  Number  Sum  (Cost  Estimate) 
AN  ■  Actual  Number  (Actual  Cost) 

SAN  ■  Smallest  Actual  Number 


Figara  IV-5.  Flow  Chart  of  State-Assignment  Optimisation  Algorithm 

(Ref  4:1370) 


Example 


A  five  state  transition  table  is  shown  below  in  Figure  1V-6  (Ref 
9:328).  Since  the  number  of  states,  R,  ia  equal  to  5  which  is  also 
equal  to  2*  +  1.  Therefore,  the  state  column  variables  can  be  simply 
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listed.  They  are  shown  in  Figure  1V-2.  If  a  PLA  were  a  J-K  flip-flop 
device,  only  these  columns  would  have  to  be  investigated.  Since  a  PLA 
acts  like  a  D  flip-flop,  the  complements  of  these  state  column  variables 
must  also  be  investigated.  The  complements  are  obtained  by  inverting 
the  bit  values  in  the  state  column  variable. 
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Figure  IV-6.  State  Transition  Table  Vith  Five  States 

Figure  IV-7  shows  the  state  transition  table  with  the  state  column 
variable  y  applied  against  the  transition  table.  The  y  variable 
overlays  the  present  state  column  of  the  state  transition  table.  States 
overlayed  by  a  'l*  are  replaced  by  a  '1'  in  the  Next  State  portion  of 
the  transition  table.  Likewise,  states  overlayed  by  a  'O'  are  replaced 
with  zeros  in  the  transition  table.  Note  that  the  number  of  states  in 
the  transition  table  is  now  a  power  of  two.  The  new  states  are  labeled 
with  a  'x'  and  represent  don't  care  conditions. 
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Figure  IV-7.  State  Transition  Table  Vith  Y.  Applied 


Actual  Cost  Calculation.  The  actual  cost  for  this  assignment  is 
calculated  from  the  table  in  Figure  IV-7.  The  ones  in  the  state 
transition  table  are  assigned  binary  numbers  in  an  array  like  manner. 
The  binary  numbers  are  then  changed  to  a  gray  code  (Ref  12:338).  The 
rows  and  columns  in  the  transition  table  are  labeled  0  to  7  and  0  to  1 
respectively.  For  example,  the  one  next  to  the  asterisk  in  Figure  IV-6 
would  be  assigned  a  binary  value  of  0101.  This  binary  assignment  is 
derived  from  the  placement  of  the  one  in  row  2  and  column  1.  The  binary 
value  is  therefore  2  *  C  +  1.  C  is  equal  to  the  number  of  columns, 
which  is  two  in  Figure  IV-7.  Mote  that  the  first  three  bits  from  the 
left  designate  the  state  and  the  last  bit  denotes  the  state  transition 
column. 

This  binary  number  is  changed  to  a  gray  code  through  an 
exclusive-or  operation.  The  exclusive-or  operation  is  applied  to  the 
most  significant  bit  and  a  zero.  The  exclusive-or  operation  is  repeated 
for  the  most  significant  bit  and  the  next  most  significant  bit.  This 
operation  is  "rippled"  through  the  portion  of  the  binary  number  that 
designates  the  state.  Bits  that  denote  the  column  are  not  changed. 
This  is  done  so  that  table  values  in  the  same  column  remain  adjacent. 
In  Figure  IV-7,  only  the  left-most  three  bits  are  changed  to  a  gray 
code.  The  results  of  the  exclusive-or  operations  form  the  new  gray  code 
variable.  The  zero  is  in  effect  pushed  through  the  binary  variable. 
This  is  shown  below: 

start  zero  -  0  /  0101  -  binary  variable 

0111  -  result  of  exclusive-or 


Figure  IV-8.  State  Transition  Table  With  Y ^Applied 

Once  ell  the  ones  in  the  state  transition  table  have  been  converted 
to  a  gray  code,  a  standard  Quine-McClusky  algorithm  is  used  to  determine 
the  minimum  cover  required  to  implement  the  table.  The  cost  for  the 
table  is  calculated  using  the  equations  in  Figure  IV-4.  The  groupings 
and  cost  calculations  are  shown  in  Figure  IV-8.  Each  group  of  four 
terms  has  a  cost  of  two.  The  group  with  two  terms  costs  three  AND-OR 
gates.  There  are  three  groups  which  makes  the  total  cost  ten.  The 
computer  representation  of  one  of  the  four  term  groups  is  -11- .  The 
cost  of  this  group  is  simply  calculated  by  counting  the  number  of  Is  ox 
Os  in  the  in  the  term.  Thus,  this  group  has  a  cost  of  two  AND-OR  gates. 

The  cost  calculation  is  repeated  for  the  complement  of  y^,  y^6  .  The 
state  transition  table  for  y2^  is  shown  in  Figure  IV-9.  This  figure  also 
shows  the  grouping  and  cost  calculation.  The  y-variable  with  the  lower 
cost  is  v sed  for  the  cost  calculation.  In  this  case,  since  y^  and  y2^ 
equal,  y^  is  chosen. 


are 


P-IIS  ■■«  pm  ,!■  ^  I  L„ 
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Figure  IV-9.  State  Transition  Table  With  Applied 


Cost  Estimation.  The  cost  estimation  procedure  is  accomplished  in 
the  same  manner  as  the  actual  cost  estimation.  There  are,  however,  two 
exceptions.  First,  the  state  transition  table  is  rearranged  so  thet 
each  half  of  the  table  has  all  "one"  or  all  "zero"  rows.  The  "type"  of 
the  row  is  determined  by  the  y-variable.  For  example,  the  first  row  in 
Figure  IV- 9  is  e  one  row.  Figure  IV-10  shows  the  rearrenged  table  of 
Figure  1V-7  end  its  cost  estimation.  The  dotted  line  denotes  the 
zero/one  boundery  of  the  table.  All  rows  in  the  upper  half  are  either  a 
zero  row  or  a  don't  care  row.  The  lower  half  has  only  one  and  don't 
care  rows. 
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Figure  IV-10.  State  Transition  Table  With  Y$  Applied 

The  second  difference  is  that  groupings  that  cross  the  sero/one 
boundary  nust  have  an  equal  number  of  terms  on  each  side  of  the 
boundary .  Figure  IV-11  shows  the  rearrsnged  table  and  groupings  for  y«. 
Since  the  complement  of  the  y5  has  a  lower  cost  estimate,  its  value  is 
used  as  the  cost  estimate  for  y^. 


2  +  2  +  2  -  6 


Figure  IF-11.  State  Transition  Table  With  Y,  Applied 


Mode  A122:  Estimate  Costs 
Node  A123:  Bin  Sort 
Mode  A124:  Ordered  Search 


Mode  A125:  Format 

Data  Dictionary 


Mode  A12: 

Basic  State  Columns:  The  binary  and  decimal  representations  of  the 
basic  set  of  distinct  state  columns  discussed  in  Step  1. 

Cost  Estimates:  The  cost  estimates  generated  in  Step  2  are 
associated  with  the  Basic  State  Columns. 

Sorted  Cost  Estimates:  A  list  of  the  Basic  State  Columns  and 
associated  Cost  Estimates  in  nondecreasing  order  based  on  Cost 
Estimate.  This  list  is  generated  by  Step  3. 

Optimum  State  Assignment:  A  subset  of  the  Basic  State  Columns  that 
form.a  valid,  optimum  state  assignment  and  its  actual  cost. 
The  subset  contains  n  state  columns  and  is  selected  in  Step  4. 


Node  A12 


Modes  A121  -  A124  correlate  to  Steps  1-4  discussed  above.  The 
last  node,  A125  Format,  creates  a  file  that  is  suitable  for  PRESTO. 
Format  basically  substitutes  the  optimum  state  assignment  into  the 
Reduced  Symbolic  State  Table.  This  creates  the  binary  PLA  Truth  Table. 


Modes  A12 

Titles  Assign  States 
Dates  11  Jul  83 
Rev.s  1.0 


12  Reduced  Symbolic 
State  Table 
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II  PLAFST  Control 


K. 


Generate 
Basic  State 
Columns 


Basic  State 
Columns 


3 


Ordered 

Search 


4 


Optimum  State 
Assignment 


ANALYSIS 


Orerview 


The  analysis  of  PLAFST  is  divided  into  three  parts.  The  first  part 
looks  at  the  purpose  and  outputs  of  the  various  programs  within  PLAFST. 
It  analyzes  what  each  program  accomplishes.  The  second  part  of  the 
analysis  compares  PLAFST  against  benchmark  state  transition  tables  used 
by  others  to  compare  results.  Two  individual  programs,  ASSIGN  and  SYM, 
are  investigated  in  detail.  ASSIGN,  which  computes  the  optimum  state 
assignments,  is  also  compared  against  its  own  options:  Simple  Assignment 
and  Gray  Code  Assignment. 

The  third  part  is  the  sensitivity  analysis.  ASSIGN  is  the  only 
program  analyzed  in  this  manner  since  it  requires  at  least  an  order  of 
magnitude  more  execution  time  than  the  other  four  programs  written  for 
this  thesis.  The  sensitivity  analysis  uses  state  transition  tables  that 
vary  only  one  parameter.  The  execution  time  for  each  state  table  is 
plotted  and  a  Big-Oh  analysis  is  done  on  the  results. 


Process 


Figure  V-l  shows  the  relationship  between  the  PLAFST  shell  script 
and  other  resident  programs  on  the  VAX  11/780.  SYM,  ASSIGN,  CFORM,  and 


MAKEJSFSM  were  written  for  PLAFST.  SYM  and  ASSIGN  comprise  the  bulk  of 
the  programs  created  during  this  thesis  effort.  CFORM  translates 
PRESTO's  output  to  the  format  required  by  PLAGEN.  MAKE_SFSM  decodes 
SYM's  output  and  the  SFSM_PLA  CIF  file  to  generate  the  SFSH  CLL  file. 
The  SFSM  CLL  file  includes  the  PLA,  buffers,  and  the  state  variable 
interconnections . 


Figure  V-l.  PLAFST  Structure  Chart 


SYM  performs  the  first  data  reduction  of  the  symbolic  state  table. 
The  symbolic  state  names  are  translated  to  numbers  starting  with  one. 
The  symbolic  input  names  are  ignored.  They  are  required  merely  for  the 
programmers  convenience.  The  output  symbolic  names  are  converted  to 
strings  of  ones  and  seros.  One  string  is  created  for  each  state  in  the 
symbolic  state  table.  Once  the  initial  data  processing  is  completed, 
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SYM  tries  to  reduce  the  state  table  through  equivalence  partitioning. 
The  initial  symbolic  state  table  and  the  output  from  SYM  are  shown  in 
Figure  V-2.  In  this  case  no  symbolic  reduction  is  possible.  The  fact 
that  an  error  state  was  not  designated  in  the  original  symbolic  state 
table  is  shown  by  a  zero  at  the  end  of  the  first  line  of  SYMs  output. 


INITIAL  SYMBOLIC 
STATE  TABLE 

8  1  1  963  2.5 

A 

B 

C 

D 

E 

F 

G 

H 

input_l 
output  1 

ABCBCDEDEFGFGHAH 
000000000000 
output_l  0  output_l  0 


Figure  V-2.  Initial  Symbolic  State  Table  and  PLAFST  Reduced  Table 


ASSIGN  is  executed  next.  It  uses  the  state  transition  table  from 
SYM.  The  output  strings  are  placed  in  an  array  until  they  are  appended 
to  the  output.  ASSIGN  does  not  use  them  during  the  state  assignment 
process.  ASSIGN  generates  the  distinct  column  set  for  the  number  of 
states  in  the  state  transition  table.  It  then  calculates  a  cost 


OUTPUT  FROM  SYM 


8  1  1  963  2.5  0 

1  2 
3  2 
3  4 
5  4 
5  6 
7  6 
7  8 
1  8 

00 

00 

00 

00 

00 

00 

01 

10 


estimate  for  each  column  set  using  the  transition  table  and  performs  an 


ordered  search  to  determine  an  optimum  assignment.  This  process  is 
discussed  in  detail  in  Chapter  IV,  Example.  Two  other  choices  for  state 
assignment  exist.  The  first  is  simple  assignment.  The  states  are 
assigned  successive  binary  numbers  starting  with  0.  In  Figure  IV-2, 
State  1  from  SYMs  output  would  be  assigned  a  value  of  0000.  State  8 
would  be  assigned  a  value  of  0111.  The  other  option  is  a  gray  code 
assignment.  State  assignments  are  made  by  the  Simple  Assignment  portion 
of  the  code  and  then  translated  to  a  gray  code.  Once  the  state 
assignment  is  determined,  an  output  file  like  that  in  Figure  V-3  is 
generated.  Figure  V-3  shows  the  result  of  the  optimum  state  assignment 
process.  This  data  is  in  the  format  required  by  PRESTO. 


*i4 

.o4 

.pl6 

0000  0000 
1000  1000 
0100  0010 
1100  1000 
0001  0010 
1001  1010 
0101  0110 
1101  1010 
0011  0110 
1011  1110 
0111  0100 
1111  1110 
0010  0101 
1010  1100 
0110  0001 
1110  1100 
.e 

Figure  V-3.  Output  from  ASSIGN 


ASSIGN  does  not  consider  commonality  between  PLA  product  terms 


For  this  reason,  PRESTO  is  used  to  reduce  the  size  of  the  PLA.  PRESTO 
was  able  to  reduce  the  product  terms  from  16  to  11  in  this  example.  The 
output  from  PRESTO  is  shown  in  Figure  V-4. 


.14 

.o4 

.pll 

010-  0010 
1—  1000 
--01  0010 
1—1  1010 
0101  0110 
-Oil  0110 
1-11  1110 
—11  0100 
0010  0101 
1-1-  1100 
0-10  0001 
•  e 

Figure  V-4.  Output  from  PRESTO 


The  output  from  PRESTO  is  piped  through  CFORM  to  PLAGEN.  CFORM 
acts  as  a  translator.  It  changes  PRESTOs  output  to  a  format  acceptable 
to  PLAGEN  and  adds  the  CIF  number  and  lambda  size  to  the  file.  PLAGEN 
generates  the  CIF  specification  for  the  PLA  that  implements  the  original 
symbolic  state  table.  The  output  including  data  sent  to  stderr  from 
PLAGEN  is  sent  to  a  file  called  foo.  The  data  sent  to  stderr  is  the 
bounds  of  the  PLA.  It  can  appear  anywhere  in  the  output  file  and  will 
usually  cause  an  error  if  the  file  is  used  directly  by  CLL.  For  this 
reason,  MAKE  SFSM  reads  foo  and  generates  a  duplicate  file  with  the 
bounds  data  deleted.  This  includes  the  newline  character  that  follows 
the  bounds  data.  This  insures  the  integrity  of  the  PLA  CIF  file. 
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MAKE_SFSM  uses  this  information  and  the  state  transition  table  size, 
obtained  from  SYMs  output,  to  generate  a  CLL  file  that  includes  the  PLA 
CIF  file. 


Cll  is  the  final  program  executed.  It  uses  both  of  the  files 
generated  by  MAKE_SFSM  to  generate  the  final  plot  of  the  synchronous 
finite-state  machine  (SFSM)  created  from  the  original  symbolic  state 
table  in  Figure  V-l.  The  SFSM  CLL  file  is  shown  in  Figure  V-5.  The 
plot  of  the  SFSM  is  shown  in  Figure  V-6. 


♦include  "/usr/lib/local/s_ext.cll" 
external  pla  (cif  963  bounds  --15,0  140,111) 

SFSM 

§ 

pla(0,0); 

iterate  4,  1  16,  0 

PlaClockln  (  15,  —58  ); 
iterate  2,  1  16,  0 

PlaC lockOut  (  92,  —53  ); 
wire  poly  95,  --53  w  2  d  12  1  22  diff  u  7  ; 
wire  poly  103,  --53  w  2  d  22  1  46  diff  u  17  ; 
wire  poly  111,  —53  w  2  d  32  1  70  diff  u  27  ; 

§ 


Figure  V-5.  SFSM  CLL  File 


bounds  0.0  0.0  138.0  ^40.0 

CIF  bounds  0.0  0.0  138.0  240 


Benchmark 


In  this  section  PLAFSTs  performance  is  compared  against  the 
benchmark  state  tables  and  assignment  schemes  created  by  other  authors. 
ASSIGHs  options  are  also  compared  against  each  other.  The  execution 
times  for  PLAFST,  ASSIGN,  and  SYM  are  provided.  The  table  numbers  below 
refer  to  Appendix  A.  The  cost  is  the  number  of  AND-OR  gates  required  to 
implement  the  state  transition  table  with  the  given  state  assignment. 

PLAFST  only  generates  a  near  optimum  solution  to  the  state 
assignment  problem.  This  is  due  to  the  cost  estimation  algorithm.  The 
debug  option  was  used  to  show  the  internal  calculations.  PLAFST  matched 
the  cost  estimates  of  Noe  and  Rhyne  for  Table  A-15  on  7  of  the  15  cost 
estimates.  One  of  the  estimates  that  did  not  match  was  lower  than  Noe 
and  Rhyne.  The  other  estimates  indicated  two  to  three  additional  gates 
were  required.  This  difference  in  cost  estimates  significantly  affects 
the  the  ordered  search  for  the  optimum  state  assignment. 

However,  PLAFST  actually  calculated  a  better  optimum  state 
assignment  for  Table  14.  It  also  matched  the  optimum  state  assignment 
for  Table  12.  PLAFST  assignments  are  usually  within  a  few  gates  of  the 
"optimum''  solutions  for  the  benchmarks  state  transition  tables. 


Table  V-l.  Benchmark  Comparison 


Table 

Number 

Author 

State  Assignment 

Cost 

6 

Hartmanis 

15,  51,  170 

22 

PLAFST 

30,  51,  180 

23 

7 

Torng 

6,  8,  18 

39 

PLAFST 

9,  15,  26 

42 

8 

Dolotta  & 
McCluskey 

2,  7,  9 

40 

Torng 

2,  5,  17 

39 

PLAFST 

5,  17,  29 

42 

9 

Dolotta 

3,  6,  19 

19 

PLAFST 

14,  24,  29 

25 

10 

Curtis 

15,  19,  21 

43 

PLAFST 

6,  11,  33 

63 

11 

Curtis 

67,  101,  106 

75 

PLAFST 

26,  67,  106 

114 

12 

Dolotta 

15,  60,  85 

20 

PLAFST 

15,  60,  85 

20 

13 

Dolotta 

3,  21,  36 

36 

PLAFST 

21,  26,  54 

39 

14 

Dolotta 

27,  46,  105 

81 

PLAFST 

170,  180,  198 

73 

15 

Noe  &  Rhyne 

4,  7,  14 

12 

PLAFST 

2,  14,  24 

14 

Table  V-2  shows  the  execution  times  for  PLAFST  and  ASSIGN  for  each 
of  the  tables  in  Appendix  A.  Execution  times  are  also  given  for  the 
Simple  assignment  and  Gray  Code  options  of  ASSIGN.  PLAFST  and  its 
associated  programs  were  executed  on  the  AFIT  VAX  11/780  located  in 
building  641,  UPAFB,  OH.  The  times  in  Table  V-2  are  in  seconds  and  wete 
provided  by  the  UNIX  operating  system  command  "time".  The  smallest 


division  is  tenths  of  a  second  which  makes  differences  of  one-tenth 
insignificant. 


Table  V-2.  Execution  Times  (Seconds)  for  PLAFST  and  ASSIGN 


Table 

Number 

#  States 
/#  Inputs 

PLAFST 

Optimum 

ASSIGN 

Simple 

Gray 

A-l 

3/1 

16.5 

0.5 

0.2 

0.3 

Figure  II-l 

4/3 

56.2 

1.6 

0.5 

0.7 

A- 2 

4/1 

17.2 

0.5 

0.3 

0.4 

A-3 

5/1 

21.8 

2.1 

0.3 

0.6 

A-4 

6/1 

26.2 

2.9 

0.3 

0.6 

A-5 

7/1 

26.9 

2.6 

0.3 

0.6 

A- 6 

8/1 

28.0 

2.3 

0.4 

0.5 

A-7 

5/2 

43.0 

9.5 

0.3 

0.7 

A- 8 

5/2 

42.3 

8.9 

0.4 

0.6 

A-9 

5/1 

24.0 

2.3 

0.3 

0.6 

A-10 

6/2 

50.3 

14.7 

0.3 

0.5 

A-ll 

7/3 

197.5 

73.2 

0.7 

1.3 

A-12 

8/1 

25.8 

2.1 

0.4 

0.7 

A-13 

6/2 

52.4 

14.0 

0.5 

0.7 

A-14 

8/2 

55.4 

7.3 

0.5 

1.0 

A-15 

5/1 

26.0 

2.6 

0.4 

0.4 

Several  general  observations  can  be  made  from  this  table.  In  all 
cases,  Simple  and  Gray  took  less  time  than  Optimum.  This  is  expected 
since  Simple  and  Gray  both  execute  in  0(n)  time.  The  next  section  shows 
that  ASSIGN  is  greater  than  0(nz).  Specific  comparisons  are  difficult  to 
make  since  several  parameters  vary  between  the  state  transition  tables. 


The  two  significant  parameters  for  ASSIGN  are  the  number  of  states 
and  the  number  of  inputs.  As  the  number  of  states  increases,  so  does 
the  number  of  distinct  state  column  sets  that  must  be  generated.  Table 


V-3  shows  the  number  of  distinct  state  column  sets  for  up  to  sixteen 


states.  The  number  of  distinct  state  column  sets  rises  exponentially 
after  eight  states. 


Table  V-3.  Number  of  Distinct  State  Assignment  Column  Sets 

(Ref  4:1367) 


Number  of 
States 

Distinct  State 
Column  Sets 

2 

1 

3 

3 

4 

3 

5 

15 

6 

25 

7 

35 

8 

35 

9 

255 

16 

6435 

An  increase  of  one  in  the  number  of  inputs  will  double  the  size  of 
the  state  transition  table.  Table  V-2  shows  that  state  transition 
tables  with  close  to  eight  states  or  more  than  one  input,  require 
significant  increases  in  execution  time.  State  transition  tables  with 
seven  states  and  three  inputs  like  Table  A-ll  have  greatly  increased 
execution  times. 

The  optimum  state  assignment  costs  for  ASSIGN  are  compared  with  the 
simple  and  gray  code  assignment  options  in  Table  V-4.  The  table  shows 
that  in  all  cases  the  optimum  state  assignment  costs  less  than  the 
simple  or  gray  assignments.  The  simple  assignment  is  cheaper  than  the 
gray  assignment  for  some  state  tables  and  more  costly  for  others.  There 


is  not  any  pattern  as  to  which  of  these  schemes  is  better  for  any  given 
state  table. 


Table  V-4.  Optimum,  Simple,  and  Gray  State  Assignment  Comparison 


Table 

Number 

ASSIGN 

SIMPLE 

GRAY 

A-l 

9 

20 

16 

Fig.  II-l 

17 

38 

20 

A-2 

14 

17 

16 

A-3 

17 

25 

33 

A-4 

21 

39 

42 

A-5 

26 

51 

47 

A- 6 

23 

26 

41 

A-7 

42 

62 

76 

A-8 

42 

65 

62 

A-9 

25 

42 

29 

A-10 

63 

107 

103 

A-ll 

114 

160 

168 

A-12 

20 

21 

31 

A-13 

39 

102 

132 

A-14 

73 

99 

97 

A-15 

14 

27 

29 

Table  V-5  points  out  some  interesting  facts  about  where  ASSIGN 
spends  most  of  its  time.  The  execution  times  and  number  of  iterations 
can  not  be  directly  compared  since  different  state  transition  tables  can 

a 

cause  great  differences  in  the  Quine-McCluskey  algorithm.  Some  general 
observations  and  assumptions  can  still  be  made  though. 

The  majority  of  iterations  are  small  numbers.  The  worst  case  for 
state  tables  with  more  than  four  states  is  that  three  sets  of  two  state 
assignment  columns  must  be  calculated  for  each  iteration.  In  practice, 
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the  number  of  calculations  is  greatly  reduced  since  ASSIGN  remembers  the 
cost  associated  with  each  state  column  set  and  does  not  recalculate  it. 
Table  V-3  shows  the  number  of  distinct  state  assignment  column  sets  that 
must  be  calculated.  For  example ,  Table  A-14  has  eight  states  which 
means  that  35  state  column  sets  must  be  calculated.  This  translates 
into  70  state  tables  which  must  be  reduced  with  the  Quine-McCluskey 
algorithm. 


Table  V-5.  ASSIGN:  Execution  Time  and  Number  of  Iterations 


Table 

Number 

#  States 
/#  Inputs 

ASSIGN 

Optimum  Iterations 

A-l 

3/1 

0.5 

1 

Figure  II-l 

4/3 

1.6 

0 

A- 2 

4/1 

0.5 

2 

A-3 

5/1 

2.1 

2 

A- 4 

6/1 

2.9 

5 

A- 5 

7/1 

2.6 

2 

A- 6 

8/1 

2.3 

5 

A- 7 

5/2 

9.5 

2 

A- 8 

5/2 

8.9 

1 

A-9 

5/1 

2.3 

9 

A-10 

6/2 

14.7 

29 

A-ll 

7/3 

73.2 

2 

A-12 

8/1 

2.1 

1 

A-13 

6/2 

14.0 

14 

A-14 

8/2 

7.3 

4 

A-15 

5/1 

2.6 

10 

However,  Table  A-14  takes  only  four  iterations  to  arrive  at  a 
solution.  The  worst  case  is  that  24  state  tables  would  have  to  be 
solved.  As  discussed,  above  this  number  is  probably  considerably  less. 
Thus,  it  is  reasonable  to  assume  that  ASSIGN  spends  most  of  its 
execution  time  calculating  cost  estimates.  This  seems  to  be  borne  out 
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by  state  tables  with  zero  or  one  iterations  which  still  have  a 
significant  amount  of  execution  time.  This  becomes  important  for  future 
efforts  to  reduce  PLAFSTs  execution  time.  Faster  methods  of  estimating 
the  cost  of  a  state  column  set  may  yield  great  decreases  in  the 
execution  time. 


Table  V-6.  STM  Execution  Times 


Table 

Number 

#  Original 
States 

#  Reduced 
States 

Time  (s) 

A-l 

7 

3 

0.2 

A- 2 

6 

4 

0.2 

A- 3 

6 

5 

0.1 

Table  V-6  shows  the  execution  times  for  SYM  with  those  tables  that 
were  reduced  jymbolically .  Times  for  other  state  tables  range  from  0.1 
to  0.3  with  no  state  reduction. 


Sensitivity 


This  analysis  tested  ASSIGNS  sensitivity  to  the  two  parameters 
discussed  earlier,  the  number  of  states  and  the  number  of  inputs.  The 
number  of  cost  estimations  greatly  increases  with  the  number  of  states. 
This  is  shown  in  Figure  V-3.  Each  additional  input  will  double  the  size 
of  the  state  transition  table  since  PLAFST  requires  that  the  SFSM  be 
completely  specified. 


V-14 


State  transition  tables  were  constructed  that  varied  only  one  of 
these  parameters  at  a  time  and  tried  to  maintain  the  same  type  of  state 
transitions  throughout  the  test  data.  Figure  V-7  shows  the  first, 
middle,  and  last  state  transition  table  used  for  the  state  sensitivity 
analysis . 


First  State  Table  Middle  State  Table  Last  State  Table 


2  1  1  950  2.5  0 

5  1  1  950 

2  2 

2  3 

1  1 

3  4 

4  5 

00 

5  5 

10 

1  1 

00 

00 

00 

00 

10 

.30  9  1  1  950  2.5  0 

2  3 

3  4 

4  5 

5  6 

6  7 

7  8 

8  9 

9  9 
1  1 

00 

00 

00 

00 

00 

00 

00 

00 

10 


Figure  ¥-7.  State  Transition  Tables  Used  for  State  Sensitivity 


The  progression  used  to  extend  the  state  transition  tables  can  be 
easily  seen.  Each  state  transitions  to  the  next  state  on  a  zero  input 
and  to  the  next  state  plus  one  on  a  one  input.  This  process  continues 


until  the  highest  state  is  reached.  All  states  after  this  point 
transition  to  the  highest  state  except  the  last  state.  The  last  state 


transitions  to  the  first  state  in  all  cases.  Since  ASSIGN  does  not 
consider  the  outputs,  only  one  output  is  high  in  order  to  keep  the 
solution  from  being  trivial.  These  state  transition  tables  can 
transition  to  any  state  and  are  strongly  connected.  The  execution  times 
for  the  eight  test  state  transition  tables  are  in  Table  V>7. 


Table  V-7.  Execution  Times  for  State  Sensitivity  Analysis 


Number  of  States 

Time  (s) 

2 

0.2 

3 

0.4 

4 

0.4 

5 

2.0 

6 

2.7 

7 

3.0 

8 

2.2 

9 

1000+ 

The  results  are  plotted  in  Figure  V-8.  The  series  of  curved  plots 
is  grossly  approximated  by  the  upper  straight  line.  This  gives  an  upper 
bound  to  the  time  vs.  state  response  of  ASSIGN.  The  upper  bound  can  in 
turn  be  approximated  by: 


The  data  shows  that  ASSIGN  works  well  for  state  transition  tables 
with  less  than  nine  states.  When  state  transition  tables  with  nine  or 
more  states  are  solved,  the  execution  time  grows  exponentially  to  very 
large  values.  It  is  interesting  to  note  that  when  the  number  of  states 
is  exactly  equal  to  a  power  of  two,  the  execution  time  decreases 
significantly. 


The  state  transition  tables  for  the  input  sensitivity  analysis 
start  with  the  five  state  transition  table  used  for  the  state 
sensitivity  analysis.  The  next  three  state  transition  tables  are  shown 
in  Figure  V-9.  Each  time  the  number  of  inputs  is  increased,  the  rows  in 
the  state  transition  table  are  repeated. 


5  2  1  950  2.5  0 


5  3  1  950  2.5  0 


5  4  1  950  2.5  0 


2  3  4  5 

3  4  5  5 

4  5  5  5 

5  5  5  5 
1111 


23452345 

34553455 

45554555 

55555555 

11111111 


2345234523452345 

3455345534553455 

4555455545554555 

5555555555555555 

1111111111111111 


00000 

00000 

00000 

00000 

10000 


00000000 

00000000 

00000000 

00000000 

10000000 


0000000000000000 

0000000000000000 

0000000000000000 

ooooopoooooooooo 

1000000000000000 


Figure  V-9.  State  Transition  Tables  for  Input  Sensitivity  Analysis 
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Table  V-8.  Execution  Tines  for  Input  Sensitivity  Analysis 


Number  of  Inputs 

Time  (s) 

1 

2.0 

2 

11.4 

3 

82.3 

4 

589.7 

The  data  from  the  input  sensitivity  analysis  is  shown  in  Table  V-8 
and  plotted  in  Figure  V-10.  The  results  are  a  straight  line  on  a 
logarithmic  plot.  They  can  be  closely  approximated  by  : 

0(n)  ■  n n  log2  n 

The  test  data  shows  that  ASSIGN  is  restricted  to  state  transition 
tables  with  less  than  nine  states  and  four  inputs  for  reasonable 
execution  times.  ASSIGN  also  begins  to  require  very  large  amounts  of 
memory  to  run.  The  array  sizes  had  to  be  increased  from  those  in 


Appendix  E  in  order  to  run  the  five  state  transition  table  with  four 


CONCLUSION 


Cone las ions 


PLAFST  meets  its  goals.  It  converts  a  symbolic  state  table  into  an 
integrated  circuit.  The  integrated  circuit  includes  a  programmable 
logic  array,  clocked  buffers,  and  interconnected  state  variables. 
PLAFST  works  well  for  symbolic  state  tables  with  less  than  nine  states 
and  four  inputs.  Symbolic  state  tables  larger  than  these  constraints 
cause  inordinate  increases  in  execution  times. 


PLAFST  produces  a  near  optimum  state  assignment  that  in  some  cases 
meets  or  exceeds  published  benchmarks.  In  other  cases,  its  state 
assignment  cost  is  relatively  close  to  that  of  the  published  benchmarks. 
PLAFST  is  sensitive  to  both  the  number  of  states  and  number  of  inputs  in 
the  transition  table.  An  exponential  growth  curve  for  execution  time  is 
exhibited  for  increases  in  the  number  of  states  or  the  number  of  inputs. 


Overall,  PLAFST  provides  a  good  computer  aided  design  (CAD)  tool 

* 

for  limited  scale  projects.  Within  its  limitations,  PLAFST  will  allow 
the  synchronous  finite-state  machine  (SFSM)  designer  to  concentrate  on 
the  details  of  the  SFSM  design  rather  than  those  of  the  integrated 
circuit. 


There  are  three  recommendations  for  follow  on  thesis  work  on 
PLAFST.  PLAFST  should  be  integrated  into  the  AFIT  CAD  environment. 
This  would  include  a  user  manual  for  each  of  the  programs  developed  for 
PLAFST  and  additional  options  for  partial  outputs. 

The  state  transition  tables  used  to  test  PLAFST  represented 
benchmarks  and  state  transition  tables  designed  to  test  sensitivities. 

A  Monte  Carlo  method  could  be  used  to  develop  a  uniform  set  of  state 
transition  tables  to  throughly  test  and  analyize  PLAFSTs  performance. 
This  approach  could  detect  the  portions  of  PLAFST  that  could  most 
benefit  from  further  attention  and  increase  the  capabilities  of  PLAFST. 
The  analysis  should  also  investigate  memory  usage  versus  state  table 
size  and  the  merits  of  allowing  only  2n  state  tables.  Figure  V-8  shows  a 
significant  execution  time  decrease  for  state  tables  where  the  number  of 
states  is  a  power  of  two. 

The  third  recommendation  is  to  use  the  assumption  that  PLAFST 
spends  the  majority  of  its  time  calculating  cost  estimates.  If  this 
assumption  is  true,  then  a  faster  cost  estimation  algorithm  would 
greatly  increase  PLAFSTs  capabilities.  A  code  profiler  would  help  to 
Identify  the  portions  of  PLAFST  most  often  executed.  The  cost 
estimation  algorithm  should  be  changed  to  use  an  intuitive  process  or 
artificial  intelligence  techniques  rather  than  the  exhaustive 
Quine-McCluskey  solution  to  calculate  the  cost  of  a  particular  state 
assignment.  Another  approach  would  be  to  use  the  n-cube  algorithm  like 


PRESTO 


BIBLIOGRAPHY 


Cited  References 


1.  Muroga,  Saburo.  Logic  Design  and  Switching  Theory.  Hew  York:  John 
Viley  &  Sons,  Inc.,  1979. 

2.  Peters,  Lawrence  J.  Software  Design:  Methods  &  Techniques.  New 
York:  Yourdin  Press.,  1981. 

3.  Hennle,  Frederick  C.  Finite-State  Models  for  Logical  Machines.  New 
York:  John  Wiley  &  Sons,  Inc.,  1968. 

4.  Story,  J.  R.,  H.  J.  Harrison,  and  E.  A.  Reinhard.  "Optimum  State 
Assignment  for  Synchronous  Sequential  Circuits,"  IEEE  Transactions 
on  Computers,  Vol.  C-21,  NO.  12:1365-1373,  December  1972. 

5.  Noe,  P.S.  and  V.  T.  Rhyne.  "Optimum  State  Assignment  for  the  D 
Flip-Flop,"  IEEE  Transactions  on  Computers,  306-311,  March  1976. 

6.  Newkirk,  J.,  Mathews,  R.,  Redford,  J.,  and  Burns,  C.  Stanford  nMOS 

Cell  Library.  Stanford  University,  1981.  ~  ~ 

7.  Mead,  C.  and  L.  Conway.  Introduction  to  VLSI  Systems.  Philippines: 
Addison-Wesley  Publishing  Company,  Inc.,  1980. 

8.  Noe,  Philip  S.  "Remarks  on  the  SHR-Optimal  State  Assignment 

Procedure."  IEEE  Transactions  on  Computers,  873-875,  September 

1973. 

9.  Noe,  P.S.  and  V.  T.  Rhyne.  "A  Modification  to  the  SHR-Optimal  State 
Assignment  Procedure,"  IEEE  Transactions  on  Computers,  327-329, 
March  1974. 

10.  Rhyne,  V.  T.  and  P.S.  Noe.  "On  the  Number  of  Distinct  State 

Assignments  for  a  Sequential  Machine,"  IEEE  Transactions  on 

Computers,  73-75,  January  1977. 

11.  Aho,  A.  V.,  J.  E.  Hopcroft,  and  J.  D.  U liman.  Data  Structures  And 
Algorithms.  Massachusetts:  Addison-Wesley  Publishing  Company,  1983. 

12.  Chirlian,  Paul  M.,  Analysis  and  Design  of  Digital  Circuits  and 
Computer  Systems.  Illinois:  Matrix  Publishers,  Inc.,  1976. 


Additional  References 


Curtis,  Allen  H.  "Systematic  Procedures  for  Realizing  Synchronous 

Sequential  Machines  Using  Flip-Flop  Memory:  Part  I,"  IEEE 

Transactions  on  Computers,  Vol.  C-18,  NO.  12:1121-1127,  December 
1969. 

Curtis,  Allen  H.  "Systematic  Procedures  for  Realizing  Synchronous 

Sequential  Machines  Using  Flip-Flop  Memory:  Part  II,"  IEEE 

Transactions  on  Computers,  Vol.  C-19,  NO.  1:66-73,  January  1970. 

Kanbayashi,  Yahiko.  "Logic  Design  of  Programmable  Logic  Arrays,"  IEEE 
Transactions  on  Computers,  Vol.  C-28,  NO.  9:609-616,  September  1979. 

Parchmann,  Rainer.  "The  Number  of  State  Assignments  for  Sequential 
Machines,"  IEEE  Transactions  on  Computers,  613-614,  June  1972. 

Sherwood,  Will.  "PLATO  -  PLA  Translator  /  Optimizer,"  Proceedings  of 
the  Symposium  on  Design  Automation  and  Microprocessors ,  28-35, 
February  1977. 

Veiner,  Peter  and  Edward  J.  Smith.  "On  the  Number  of  Distinct  State 
Assignments  for  Synchronous  Sequential  Machines,"  IEEE  Transactions 
on  Electronic  Computers,  220-221,  April  1967. 

Tang,  Chao-Chih  and  Marilyn  A.  Tarpy.  "An  Algorithm  for  Deriving  All 
Pairs  of  Compatible  States  by  Closure  Cases,"  IEEE  Transactions  on 
Computers,  202-207,  February  1976. 


BIB-2 


APPENDIX  A:  TESTING 


Overview 


PLAFST  was  tested  in  two  phases.  The  first  phase  ensured  that  the 
PLAFST  programs  were  logically  correct.  The  next  state  tables  in  Tables 
A-l  to  A-6  (Ref  3:22,  48)  were  used  to  test  SYM.C  which  performs  the 
symbolic  table  reduction.  Functional  testing  of  ASSIGN. C  which  makes  the 
optimum  state  assignment  was  done  primarily  with  Table  A-15.  This  table 
was  used  by  Noe  and  Ryhne  in  their  published  papers  on  modifications  to 
the  Story,  Harrison,  and  Reinhard  procedure.  Consequently,  they  provided 
detailed  intermediate  results  of  their  procedure  for  this  state  table. 
This  information  was  very  helpful  in  determining  ASSIGN. C's  accuracy. 

The  second  phase  analyzes  the  performance  of  PLAFST* s  optimum  state 
assignment  algorithm.  Analysis  of  PLAFST  includes  final  state 
assignment,  cost,  and  execution  time.  Tables  A-6  through  A-14  (Ref 
4:1372)  are  benchmark  next  state  tables  used  by  Story,  Harrison,  and 
Reinhard  (SHR)  to  compare  their  method  with  other  state  assignment 
algorithms.  PLAFST  options  for  straight  binary  and  grey  code  assignments 
are  also  compared  against  the  optimum  and  benchmark  results.  A 
sensitivity  analysis  is  done  with  additional  state  transition  tables 
which  vary  only  one  parameter.  The  analysis  and  results  are  in  Chapter 


Logical  Testing 


PLAFST  was  executed  with  the  debug  option  to  show  the  input  file 
conversion  into  the  final  SFSM  PLA.  The  symbolic  state  tables  used 
during  logical  testing  are  relatively  short  and  PLAFST' s  manipulations 
were  easily  checked  by  hand.  These  state  tables  also  checked  the 
symbolic  state  reduction  capabilities  of  PLAFST.  The  benchmark  next 
state  tables  used  in  the  analysis  phase  are  only  intended  to  compare 
optimum  state  assignments.  They  can  not  be  symbolically  reduced. 

Analysis 


Tables  A-6  through  A-14  are  modified  from  the  original  SHR  analysis 
by  the  addition  of  outputs.  None  of  the  state  assignment  schemes 
consider  the  outputs,  but  PLAFST  requires  outputs  to  correctly  process 
the  state  tables.  These  state  tables  are  benchmarks  used  by  SHR  and 
others.  PLAFST's  results  are  compared  to  the  results  of  the  other  state 
assignment  schemes  for  the  D  flip-flop.  The  authors  and  results  of  each 
of  these  methods  are  listed  in  Table  A-16.  As  mentioned  above,  the 
analysis  is  based  on  the  final  state  assignment,  cost,  and  execution 
time.  The  execution  times  for  each  state  table  are  only  used  as  a  guide 
to  PLAFST's  efficiency,  since  these  times  are  not  available  for  the  other 
methods.  Cost  A,  Table  16,  is  determined  when  commonality  between 
product  terms  is  not  considered.  Cost  B  considers  product  term 
commonality  which  in  some  cases  reduces  the  cost  significantly.  PLAFST 
costs  will  be  compared  to  Cost  A  since  PLAFST's  state  assignment  cost  is 


calculated  before  PRESTO  is  used  to  reduce  the  PLA  through  product  term 
commonality.  The  entire  analysis,  including  the  sensitivity  analysis  is 
contained  in  Chapter  5. 


Tables 


Table  A-l 


PS 

xl 

x2 

A 

B/0 

C/0 

B 

C/0 

E/0 

C 

A/1 

F/0 

D 

G/0 

F/0 

E 

F/0 

G/0 

F 

D/1 

C/0 

G 

C/0 

B/0 

Table  A-2 


PS 

xl 

x2 

A 

B/0 

C/0 

B 

A/0 

D/0 

C 

E/0 

B/l 

D 

A/0 

B/0 

E 

C/0 

A/1 

F 

E/0 

D/1 

Table  A-3 


PS 

xl 

x2 

A 

B/0 

C/0 

B 

D/0 

A/0 

C 

C/0 

F/0 

D 

A/0 

C/0 

E 

C/0 

F/0 

F 

A/1 

D/0 

Table  A-4 


PS 

xl 

x2 

A 

B/0 

C/0 

B 

D/1 

E/0 

C 

A/0 

B/l 

D 

E/0 

F/l 

E 

F/0 

F/0 

F 

C/1 

E/0 

Table  A-5 


Table  A-6 


PS 

xl 

x2 

A 

B/0 

C/0 

B 

D/0 

E/0 

C 

E/0 

A/0 

D 

B/0 

A/0 

E 

F/0 

G/0 

F 

C/0 

G/0 

G 

B/0 

F/l 

Table  A- 7 


PS 

xl 

x2 

x3 

x4 

1 

3/0 

1/0 

2/0 

4/0 

2 

1/0 

5/0 

2/0 

4/1 

3 

3/0 

4/0 

5/1 

3/0 

4 

5/0 

1/1 

2/0 

4/0 

5 

5/1 

4/0 

5/0 

3/0 

PS 

xl 

x2 

1 

4/0 

7/0 

2 

3/0 

8/0 

3 

5/0 

6/0 

4 

6/0 

6/0 

5 

8/0 

3/0 

6 

7/0 

4/0 

7 

1/0 

2/1 

8 

2/1 

2/0 

Table  A-8 


PS 

xl 

x2 

x3 

x4 

1 

1/0 

1/0 

2/0 

2/0 

2 

2/0 

3/0 

1/0 

2/1 

3 

3/0 

5/0 

5/1 

3/0 

4 

4/0 

2/1 

3/0 

3/0 

5 

5/1 

5/0 

4/0 

1/0 
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Table 

A- 9 

Table  A- 

10 

PS 

xl 

x2 

PS 

xl 

x2 

x3 

x4 

1 

1/0 

2/0 

1 

4/0 

5/0 

5/0 

2/0 

2 

2/0 

3/0 

2 

1/0 

4/0 

3/0 

5/0 

3 

3/0 

4/0 

3 

6/0 

3/0 

5/0 

2/1 

4 

4/0 

5/1 

4 

3/0 

5/0 

3/1 

1/0 

5 

5/1 

1/0 

5 

2/0 

3/1 

5/0 

5/0 

6 

1/1 

6/0 

3/0 

3/0 

Table  A-ll 

Table  A-12 

PS  1  xl  x2 

x3 

x4  x5  x6 

x7 

x8 

PS  1  xl  x2 

i. 


Hartmanis 

Torng 

Dolotta  &  McCluskey 

Torng 

Dolotta 

Curtis 

Curtis 

Dolotta 

Dolotta 

Dolotta 


15,  51,  170 
6,  8,  18 
2,  7,  9 

2,  5,  17 

3,  6,  19 
15,  19,  21 
67,  101,  106 
15,  60,  85 
3,  21,  36 
27,  46,  105 


Noe  &  Rhyne 


User  Manual 


PLAFST(l)  UNIX  Programmer's  Manual  PLAPST(l) 


HAKE 

plafst  -  PLA  Implementation  of  a  synchronous  finite-state  machine 
(SPSM) 

SYNOPSIS 

plafst  [  -s  ]  [  -d  ]  [  -sa,  -gc  ]  <  symbolic__state. table 
DESCRIPTION 

PLAFST  is  a  program  that  generates  a  PLA  with  clocked  input  and 
output  buffers  from  a  symbolic  state  table.  The  symbolic  states 
are  reduced  using  equivalence  partitioning.  An  optimum  binary 
state  assignment  is  made.  The  state  variable  assignment  and  cost 
is  sent  to  the  standard  error  file.  The  cost  is  defined  as  the 
number  of  AND- OR  gates  vithin  the  PLA.  The  state  outputs  are 
properly  interconnected.  The  buffers  are  PlaClockln  and 

PlaClockOut  from  the  Stanford  nMOS  Cell  Library.  PLAFST  generates 
both  CLL  and  CIF  descriptions  of  the  SFSM  and  plots  the  integrated 
circuit. 

The  options  for  PLAFST  are: 

-s  Generate  the  PLA  only.  Do  not  include  the  buffers  or  state 

variable  interconnec ti ons . 

-d  Debug.  Generates  detailed  information  during  the  SFSM 

generation  process . 

-sa  Simple  Assignment.  The  states  are  assigned  binary  numbers 
in  the  same  order  that  they  appear  in  the  symbolic  state 
table  file. 

-gc  Gray  Code.  Same  as  Simple  Assignment  except  that  the 

binary  values  are  converted  to  a  gray  code. 

One  state  can  be  designated  as  the  error  state.  Any  undefined 
states  will  transition  to  this  state.  However,  use  of  an  error 
state  will  degrade  the  optimum  solution.  An  error  state  has  an 
asterisk  (*)  as  its  first  character. 

To  use  PLAFST  you  must  create  a  symbolic  state  table  in  the  format 
shown  below: 

#_of__states  #_of_inputs  #_of_outputs  CIF_#  lambda_# 

Symbolic  state  name  #1 


Symbo  1  ic__s  ta  te_name_#n 
Inpu  t__name__#  1 

Inpu  t__name_#n 
Ou  tpu  t_name_#l 

0  u  tp  u  t_nam  e_#n 
Next  State  Array 
Output  Array 


Uhere  #_states  is  the  number  of  symbolic  states  in  the  table 

#_inputs  is  the  number  of  inputs  to  the  SFSM 

#_outputs  is  the  number  of  SFSM  outputs 

CIF_#  is  the  number  that  the  CIF  symbol  will  have 

lambda_#  is  the  lambda  scale  factor  for  the  CIF  file 

Symbol  names  are  25  characters  or  less,  including  the  alphabet,  0  - 
9,  and  the  underline  character,  _  .  The  characters  can  be  in  any 
order  and  case  is  significant.  The  order  of  the  symbolic  names  is 
critical.  PLAF8T  uses  their  otder  in  the  file  to  decode  the  Next 
State  and  Output  arrays. 

The  Next  State  Array  contains  #_states  times  2  raised  to  the 
#_inputs  Symbo lic_s  tate_names .  The  array  contains  #_states  rows 
and  2  raised  to  the  #__inputs  columns.  The  first  row  corresponds  to 
the  first  Symbo lic_state_name  in  the  file. 

The  Output  Array  has  the  same  number  of  elements  as  the  Next  State 
Array.  If  a  state  has  no  outputs  for  a  given  input,  then  a  0  must 
appear  in  the  appropriate  place  in  the  file.  If  several  outputs 
occur  during  a  particular  state,  their  names  must  be  separated  by 
slashes,  /,  and  any  number  of  spaces. 


An  example  is  shown  below: 


/*  #  states  #  inputs  foutputs  CIF  #  lambda  # 

4  3  5  950  2.5 

*/ 

/*  Designated 
*HG 

HY 

error  state  and  first  symbolic  state 

*/ 

FG 

FY 

/*  Symbo lic_state_names 

*/ 

car 

long_timeout 

/*  Input_names 

*/ 

short  timeout 


hO 

hi  /*  Output_names  */ 

fO 

fl 

HG  HG  HG  HG  HG  HG  HY  HY 
HY  FG  HY  FG  HY  FG  HY  FG 

FY  FY  FY  FY  FG  FG  FY  FY  /*  Next  State  Array  */ 

FY  HG  FY  HG  FY  HG  FY  HG 

£0  £0  fO  fO  £0  fO  0  fO/s- 
hl/fO  hl/fO  /s  hl/fO  hl/fO/s  hl/fO 

hl/fO/s  hl/fO  hl/fO/s  hO/s  hO/s  hO/s  I*  Output  Array  */ 

hO/s  hO  hO  hO/s  hO/s  hl/fO  hl/fO/s 

hl/fO  hl/fO/s  hl/fO  hl/fO/s  hl/fO  hl/fO/s 

NOTE:  The  comments  shown  in  this  example  can  not  be  included  in  the 
input  file! 

SEE  ALSO 

presto,  plagen,  ell 


BOGS 

The  current  state  assignment  algorithm  produces  a  near  optimal 
solution  only.  The  solution  is  still  less  coBtly  than  either 
simple  or  gray  code  assignment  schemes. 


PLAFST 


§ 

0  PLAFST  Is  a  shell  script  which  Inflates  the  various 
§  programs  that  operate  on  the  symbol Ic  state  table  given 
§  In  'Hie  Input  file* 
set  noglob 
If  (Sfargv  >  5) then 

echo  Too  many  arguments  In  the  command  line 

exItCl) 

end  If 

foreach  I  (Sargv) 

tf<  "SI"  «  «-d"  )  then 
set  debug  -  -d 

else  If  (  "SI"  —  "-s"  )  then 
set  stop  ■  -s 

else  If  (  "SI"  —  "-sa"  )  then 
set  simple  “  -sa 
else  If  (  "SI"  —  "-gc"  )  then 
set  grey  ■  -gc 

endlf 

end 

If  (  STsImple  &&  Sfgrey  )  then 

echo  Two  assignment  methods  were  chosen  I 

exit!  1  ) 

endlf 

If  (  STsImple  )  then 
set  code  •  -sa 
else  If  (  STgrey  )  then 
set  code  -  -gc 
endlf 

If  (  S?debug  )  then 
sym  -d  sym.out 
If  (  STcode  )  then 

assign  -d  Scode  assign .out  <  sym.out 
else  esslgn  -d  assign. out  <  sym.out 
endlf 

else  sym  sym.out 
If  (  STcode  )  then 

assign  Scode  asstgn.out  <  sym.out 
else  assign  asstgn.out  <  sym.out 
endlf 

endlf 

presto  <  asstgn.out  I  cform  sym.out I  plagen  >&  too 
aake_sfsm(  too  sym.out  >  sfsa.cl  I 
rm  foo 

If  (  Ststop  )  then 
exlt(O) 
endlf 

ell  -Is  -g9.9  sfsa.cl I  sfsm _pla.clf 
echo  cl  I  -Is  -C  sfsm. cl  I  sfsm_pla.clf 


C  -  1 


o.V-  /. 


** « 


%  v 


/*  SYM.C  -  Fixed  arrays  */ 

/*  SYMREDUC  -  symbolic  state  table  reduction  checks  the  Input  file  for 
errors  and  reduces  tie  symbolic  state  table.  This  program 
functions  as  a  preprocessor  to  ASSIGN  states.  SYWEDUC 
uses  I/O  redirection  for  Input  and  output  */ 


# Include  <std!o.h> 

§  define  TRUE  1 
# define  FALSE  0 
i define  MAXSYMBOLS  100 

#def  Ine  MAXCOHBIN  500 
# define  MAXLEN  25  ♦  1 

# define  EOR  -2 
# define  EOP  -I 
§  define  NUMCOL  80 


/*  Maximum  number  of  symbol  names  for  states. 

Inputs,  or  outputs  */ 

/*  Maximum  for  numtnp  *  noutputs  */ 

/*  Maximum  length  for  symbol  names  plus  1  for 
string  termination  */ 

/*  End  of  Record  */ 

/*  End  of  Partition  */ 

/*  Number  of  columns  on  standard  CRT  */ 

Used  for  visual  output  only  -  does  not  affect  files  */ 


/*  GLOBAL  VARIABLES  */ 

static  Int  debug  ■  FALSE,  errorstate  ■  NULL; 

static  Int  nstates,  n Inputs,  noutputs,  symbol,  numlnp  *  1; 

FILE  *fout,  *fopen(); 

float  lambda; 

/*  MAIN  PROGRAM  V 


Min  (argc,  argv) 

Int  argc; 
char  *argvM; 

S 

Int  flag; 

char  states (MAXSYMBOLS HMAXLEN1,  Inputs I MAXSYMBOLS H MAXLEN], 

outputs  (MAXSYMBOLS  I  (MAXLEN],  otable  (MAXSYWOLSHMAXCOtBINl  ; 
Int  stab lelMAXSYMBOLS ] (MAXC0MB I N ]  ; 

register  Int  J,  k; 

If  (argc  ”  3) 

S 

debug  ■  TRUE; 

If  (  (argvMJIOl  I-  •-•)  II  (argvUHU  I-  »d •)  )  error  (1); 
tout  ■  fopen  (  argv(21,  "w"); 

S 

else  If  (argc  —  2) 

fout  ■  fopen  (  argvll ],"«"); 
else  error(l); 

If  (  fout  ■■  NULL  )  error (9); 

If  (  debug  ) 


fprlntf(stderr,"  Hello!  You  are  now  In  the  PLAFST  DEBUG  ZONEl\n"); 

flag  -  scanf("Kd  Jd  Id  Id  Sf",(nstates,  (ntnputs,  (noutputs,  (symbol,  (lambda) 
If (€1 lag  —  0>t l(f tag  —  EOF  ))  error(2); 

for  (  J  ■  0;  J  <  ntnputs;  J++) 

numlnp  ■  numlnp  *  2  ;  /*  Numlnp  equals  2  raised  to  the  ntnputs  V 

If  (debug)  /*  Print  symbolic  state  table  values  from  above  */ 

I 

fprtntf(stderr,"The  symbolic  state  table  values  were  read  In  "); 
fprlntf(stderr, "correctly.  Their  values  are  :  \n"); 
fprlntffstderr, "nstates  Id,  nlnputs  ld\n",nstates,  ntnputs); 
fprIntf(stderr,"noutputs  Id,  CIF  symbol  |d\n",noutputs,  symbol); 
fprlntf(stderr," lambda  It. If  numlnp  |d\n\n", lambda,  numlnp); 

S; 


/*  Load  the  character  arrays  from  the  Input  file.  */ 

If  (  debug  ) 

fprlntf (stderr,"The  symbol tc  names  are  now  being  loaded,  n  n"); 
load  (  states,  nstates  ); 

load  (  Inputs,  nlnputs  );  /*  Inputs  are  never  used  -  Included  In  the  Input 

file  for  clarity  only  */ 

load  (  outputs,  noutputs  ); 

If  (  debug  ) 

S 

for  (  J  ■  0;  J  <  nstates;  J++) 

fprlntf(stderr,"MAIH!  Is  \n",  states! Jl); 
for  (  J  *0  ;  J  <  nlnputs;  J++) 

fpr!ntf(stderr,"MAIN;  Ks\n", Inputs! JJ); 
for  (  J  ■  0;  J  <  noutputs;  J  ++) 

fprlntf(stderr,"MAIN;  $s\n", outputs! JJ); 

S 


If  (  debug  ) 

fprlntf(stderr,"The  error  state  number  Is:  <d. \ n" , error state) ; 


/*  Load  the  state  truth  table  Integer  representations  for  the  state  names, 
the  first  symbolic  state  In  the  Input  file  becomes  state  #1  */ 

loadstable(  stable,  states  ); 

/*  Load  the  output  truth  table  with  the  characters  *1*  and  'O'  suitable 
for  PRESTO  */ 

loadotable!  otable,  outputs  ); 

If  (  debug  ) 

fpr!ntf(stderr,"MAIN:  We  are  about  to  enter  Reduce\n”); 


reduce (  stable,  otable  );  /*  Reduce  the  given  symbolic  state  table  */ 


formate  stable, otable  );  /*  Format  the  state  table  Information  for  ASSIGN  */ 
fclose(fout); 


S 


/*  LOAD  -  loads  character  strings  of  maximum  length  MAXLEN  */ 

load(  p,  num  ) 

char  pIMAXSYMBOLSl (MAXLEN 1; 

Int  num; 

$ 

Int  J,  k,  strlenO; 

If  (  debug  ) 

fpr!ntf(stderr,"LOAD:  the  number  of  variables  to  load  Is  fd\n",num); 
for  (J  ■  0;  J  <  num;  J++) 

I 

scanf ("ls",pl J)  ); 

If  (  pIJIIOl  —  •*•) 

5 

for  (  k  -  0;  k  <  MAXLEN  -  1  ;  k++> 
pljllkl  -  p( JKk  ♦  11; 
errorstate  ■  J  +  1; 

S 

If  (  strlen(pljl)  >  MAXLEN  -  1  ) 

pi J] (MAXLEN I  -  0;  /*  Terminate  the  string  If  too  long  */ 

If  (  debug  ) 

fprlntf(stderr."LOAD:  <s\n",p[Jl); 

S 


/*  LOADSTABLE  -  loads  STABLE  with  a  copy  of  the  Input  state  array. 

Symbolic  states  names  are  replaced  with  Integers  to  denote  states.  V 

I oadstablel stable,  states) 

Int  stab le(MAXSYM)0LS I (MAXCOMB INI; 
char  states l MAXSYMBOLS I I MAXLEN I ; 

S 

Int  J,  k,  I,  flag,  match,  *p,  MAX  -  MAXLEN; 
char  strlngtMAXLENl,  c; 

If  (debug) 
f 

fprlirtf(stderr, "Numerical  Next  State  Table.\n\n"); 

f pr I ntftstderr, "LOADSTABLE:  Input  Term  §  Term  State  #\n"); 

f 


for  (J  ■  0;  J  <  nstates;  J++) 


p  *  stableljl; 

If  (  debug  ) 

fpr  I  ntf  ( stderr ,  "LOADSTABLE :  Jtd\n" ,  num  l  np ) ; 
for  (k  *  0}  k  <  numlnp  ;  k++) 

S 

flag  *  scan t("J Is", string);  /*  Get  the  first  character  */ 

I  -  0; 

while  (  ((  c  *  getcharO  )  !”  •  •  )&&(  c  !*  '  n*)  ) 

If  (  I  <  MAXLEN  ) 

/*  Tests  If  variable  Is  longer  than  */ 
string!  ++I  1  *  c;  /*  MAXLEN  characters.  Ignores  */ 

/*  additional  characters  */ 

string!  ++I  1*0}  /*  Terminate  the  string  */ 

If  !  debug  ) 

fpr I nt f ( stder r , "LOADST ABLE :  *d.  !s  ",  k,  string); 
natch  -  FALSE; 

for  (1*0;  I  <  nstates  ;  I++)  /*  Search  for  a  match  with  the 

symbolic  state  names  */ 

$ 

If  l  debug  ) 

fprlntf(stderr,"  Us  Jd  ".states! 1 1,  I); 

If  (  strcmp!  string,  states! ID  **  0) 

f 

If  <  natch  )  error(8);  /*  Two  tndentlcal  symbolic  names  */ 

If  (  debug  ) 

fprlntftstderr,"  td  \n",  l  I  +  1)); 

*p++  *1+1; 

natch  -  TRUE; 
break; 
f 
S 

If  (  natch  ■*  FALSE  )  error(6);  /*  No  match  with  symbolic  state  names  */ 
If  (  (flag  —  0) 1 1 (flag  —  EOF)  )  error(5); 

If  (  debug  ) 

fprlntf(stderr,"\n"); 

f 

f 

5 


/*  L0AD0TA8LE  -  Loads  0TABLE  with  character  strings  suitable  for  PRESTO 

Example:  fO  Is  the  fourth  of  five  output  variables  In  the  Input  file. 
It  Is  the  only  output  variable  listed  for  a  particular 
state/input  combination  (N00ES)  In  the  output  array. 
L0AD0TABLE  generates  the  character  string  "00010". 

*/ 


loadotable(  otable,  outputs  ) 

char  otab I el  MAXSYMB0LS 1 ( MAXC0MB INI,  outputs IMAXSYMB0LS1 1  MAXLEN]; 

S 

Int  J,  k,  I,  cnt; 

char  c,  string I MAXLEN],  *p; 
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If  (  debug  ) 

fpr I ntf! stderr, "Output  table  character  strings  \n\n"); 
for  !J  ■  0;  J  <  nstates;  J++) 
f 

for  (  k  ■  0;  k  <  numtnp  *  noutputs  ;  k++) 
otablet Jllkl  -  'O'; 

for  (k  ■  0;  k  <  numlnp  *  noutputs  >  k  +■  noutputs) 

S 

for  (1*0;  I  <  noutputs;  I++)  /*  Max  number  of  outputs  for  a  given 

state/ Input  combination  */ 

S 

cnt  »  0; 

scant!  "His",  4c); 

If  (  debug  ) 

fprlntf!stderr,"LDOTABLE:  Hc\n",c); 

/*  Get  the  first  non-white  character  */ 

If  (c  ■*  •/•)  /*  Get  next  character  */ 

§ 

scant!  "His".  4c); 

J 

else  If  !  I  I-  0) 
f 

ungetcic,  stdln); 

break;  /*  Got  all  of  the  outputs  for  this  NODE  */ 

{ 

strlnglO)  ■  c; 


while  i  c  ■  getclstdln)) 
f 

If  !  c  -  '  ')  break; 

else  If  I  c  ■■  '/•>  S  ungetc(c, stdln);  break;  i 
else  If  !  c  ■»  'Nn1)  break; 
else  If  !  c  “  EOF)  break; 

If  f  debug  ) 

fprlntffstderr,"  LOOT:  c  Hc”,c); 


If  !  cnt  <  MAXLEN  -  1  )  strlng!++cntl  ■  c; 

S 

strlngl++cnt)  ■  0;  /*  Terminate  the  string  */ 

If  f  debug  ) 

f pr I ntf ! stderr . "L0AD0TABLE :  string  Is  jHd  kHd  ", string, J.k); 

/*  Print  the  string.  */ 
for  (  cnt  ■  0;  cnt  <  noutputs;  cnt++) 

If  Istrcmplstrtng.outputslcntl)  0)  otablelJHk  ♦  cntl  ■  M'; 


If  !  debug  ) 

fpr I ntf ! stderr ," \n" ) ; 
f 


otablelJHk  ♦  noutputs  -  1  1*0;/"  Terminate  the  string  for  this  NOOE  V 
If  !  debug  ) 

fpr I ntf  t stderr, "L0AD0TABLE j  Hs \n" ,otab I el J ) ) ; 

S 


0-3 


/*  REDUCE  -  reduces  the  symbolic  state  table  */ 

reduce!  stable,  otable  ) 

int  stab letMAXSYWOLSltMAXCOMB INI; 

Char  otab lelHAXSYMBOLS I IMAXCOMB INI; 
f 

Int  J,  k,  l(  cnt,  cntl,  count,  partltlonlMAXSYMBOLS  *  41, 

♦pi 1 #  "p!2,  *p!3,  change  -  TRUE,  pass  “  0,  done,  test  ■  FALSE; 

Int  state IHAXSYHBOLS 1 ,  ptabletMAXSYMBOLSUMAXCOMBINl  ; 

/*  Partition  requires  at  most  nstates  *  2.  Nstates  *  4  Is  used 

to  allow  lor  reparttlontng  during  the  symbolic  state  reduction.  */ 

/*  Partition  based  on  outputs  */ 

If  (  debug  ) 

fprlntf(stderr, "REDUCE:  \n")j 
pH  ■  partition; 
cnt  ■  0; 

for  (J  *  0;  J  <  nstates  ;  J++) 

S 

pass  -  FALSE; 

for  (  p 1 2  -  partition;  p!2  <  pH;  pt2++  ) 
f 

If  (  debug  ) 

f pr I ntftstderr, "REDUCE:  pl2  Id,  *pl2  ld\n",pl2-partltlon,*pl2>; 

If  (  *pl2  —  J  ♦  1  )  pass  -  TRUE; 
f 

If  (  pass  )  continue; 

/*  Skip  states  already  In  Partition. 

J  ♦  1  Is  used  becuase  the  Stable  and  Otable  reference 
Is  always  one  less  than  the  state  number  the 
reference  points  to.  Applys  to  k  ♦  1  below  also.  */ 
for  (k  ■  J  ;  k  *  nstates  ;  k*+) 

If  (  strcep  (  otabletJJ,  otabletkl)  **  0) 

i 

*p11+*  •  k  ♦  1; 

If  (  debug  ) 

S 

fprlntf(stderr,"REUDCEs  pll  Id,  *p!1  ld",pl1-partltlon-l,*(pl1-n); 
fpr I ntftstderr,",  J  Id,  k  ld\n",  J,  k); 

S 

f 

•pile*  »  ECP;  /*  Set  End  of  Partition  */ 

If  t  debug  ) 

fpr l ntftstderr, "REDUCE:  pll  Id,  "pll  |d\n",pl1-partlt1on-1,*tpl1-1>>; 
cnt**; 

S 

•pll  -  EOR; 

If  (  debug  ) 
f 

fprlntftstderr, "REDUCE:  Initial  number  of  partitions  Is:  Id  \n",  cnt); 
prntt  partition  ); 
f 


0-6 


If  (  cnt  “  nstates) 

S 

fpr I ntf ( stderr , "No  State  Reduction  possible.  \n" ) j 
return* 

J 

/*  Syeboltc  State  reduction  */ 


while  (  change  ) 
f 

change  “  FALSE; 

If  (  debug  ) 

fpr I ntf (stderr, "REDUCE:  Symbolic  state  reduction  pass  §  3d.\n",  pass++); 
cntl  -  0;  /*  Partition  Counter  */ 

for  (pH  *  partition;  "pll  1“  EOR;  ptl++) 
swltch(*p»1) 

S  /*  Each  state  Is  listed  tn  Partition  only  once.  Generate 
State  table  of  each  symbolic  state's  partition.  */ 
case  NULL:  break; 
case  EOP:  cnt1++;  break; 


& 

& 


default:  statet*pI1  -  11  ■  cntl; 

S 

pl3  ■  pH;  /*  Set  ^13  equal  to  EOR  */ 

If  (  debug  ) 

5 

fpr I ntftstderr, "Symbolic  State  Parltlon  n"); 
for  (  J  -  0;  J  <  nstates;  J++) 

fpr I ntftstderr, "State:  3d  Partition  3d\n",  J+l,  stateljl); 
prntt  partition  ); 

fprlntftstderr,"\nState  Transitions  \n"); 

f 

for  t  J  »  0;  J  <  nstates  ;  J++  )  /*  Convert  state  numbers  to  partition  */ 

I 

If  t  debug  ) 

fpr I ntftstderr, "3d.  ",J  *1); 

for  t  k  ■  0;  k  <  numlnp;  k++)  /*  numbers  */ 

S 

ptablet JHkl  •  state  I  stabletjllkl  -  1  I; 

If  t  debug  ) 

fprlntftstderr,"  3d",  ptablet  JHkl);  % 

f 

If  t  debug  ) 

fprlntf tstderr,"\n") ; 

f 


If  t  debug-) 

fpr I ntftstderr, "REDUCE:  partition  based  on  transitions.  \n"); 
pi 1  ■  partition;  /*  Reset  pi 1  to  the  beginning  of  Partition  */ 

while  (*pI1  1-  EOR)  /*  Repartition  states  based  on  transitions  */ 

f  /*  between  the  last  set  of  partitions  */ 

done  -  FALSE; 

for  t  p 1 2  ■  pi  1  ♦  1;  *p!2  I-  EOP;  pl2++) 

I 


v. 
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tf  (  debug  ) 

S 

f  pr  1  nt  f  ( stderr , "The  states  under  consideration  are")} 
fpr Intf (stderr,"  $4  and  SdW,  *pt1»  *pt2); 
for  (J  ■  0;  J  <  numlnp;  J++) 

fprlntftstderr,"  *d",ptablet*p11  -  1HJ1); 
f pr I ntf ( stderr, "\n"); 
for  (J  ■  0;  J  <  numlnp;  J++) 

fprlntftstderr,"  Id",  ptable[*pI2  -  tltjl)} 
fpr I ntf ( stderr , * \n" ) j 
If  (  l(done)  ) 

prntt  partition  ); 
f 

for  (J  ■  0;  J  <  nunlnpi  J++) 

If (  ptable(*pl1  -  1 II J1  I-  ptablel*pt2  -  1)1 J)  > 


change  -  TRUE; 
done  ■  TRUE; 
*pl>+  «  *p!2j 
*p!2  *  NULL; 
break; 

I 


/*  State  transitions  not  equal  */ 
/*  So  move  to  nee  partition  */ 

/*  Move  state  to  end  of  list  */ 

/*  Erase  state  from  present  partition  */ 
/*  Jump  out  of  comparison  for  loop  */ 


tf  (  done  ) 
f 

*pl3  -  EOP; 

*++p!3  «  EOR;  /*  Set  neu  EOR  */ 

f 

If  (  debug  ) 

prntC  partition  ); 

pt 1  ■  ++PI2;  /*  Set  pi 1  equal  to  start  of  next  partition  */ 

S 


pt 1  ■  p I 2  •  partition;  /*  Remove  NULLs  from  Partition  list  V 
uht le  (  *pl2*+  I-  EOR  ) 

If  (  *pl2  !-  NULL  ) 

•♦♦pll  -  *pI2; 

If  (  debug  ) 
f 

fpr I ntf (stderr, "Remove  the  NULL  states..,.. \n">; 
prntt  partition  ) ; 
f 


/*  Pinal  partitioning  Is  In  Partition!) 
/*  Take  one  state  from  each  partition 


cntl  ■  0; 
tf  (  debug  ) 

fpr I ntf (stderr, "The  final  partitions  are  listed  beloe:\n">; 
pi 1  ■  state; 

•pi 1  ■  partlttontO); 


tor  (  p12  -  parti tl on j  *p12  1-  EOR;  pl2++  > 

I 

If  (  debug  M  (  *pl2  >  0  )) 

fpr I ntf (stderr, "Id.  Id  nm,  cntl,  *p!2); 

If  <  *p12  “  errorstate)  *pl 1  ■  *p!2i 
If  <  *p!2  —  EOP) 

S 

cntl*+; 

*-f+pJi  -  *(  p(2  -*■  1  )i  /*  Make  state  a  list  of  the  reduced 

states  without  EOR  and  EOP  */ 
f 
I 

/*  Update  STABLE  */ 

*++pI1  -  EOR} 

If  (  debug  ) 
prntt state); 

pi 1  *  state; 

for  (  p!2  *  partition;  *pI2  I-  EOR;  p!2++) 

f  /*  Change  states  In  STABLE  to  reduced  table  set  */ 

If  (  (*p12  >  0)M(*pl2  I-  "pll)  ) 
for  (  J  ■  0;  J  <  nstates;  J++) 
for  (  k  ■  0;  k  <  nuoitnp;  k++) 

If  (  stable! Jllkl  —  *pl2  ) 
stableljllkl  ■  *pl1; 

If  <*pl2  “  *pl1  )  test  -  TRUE;  /*  Test  If  STATE  <*pl1>  equaled  */ 

If  (*p!2  -■  EOP  )  /*  value  within  the  partition  */ 

If  (test) 

S 

pii++; 

test  -  FALSE; 
i 

else  error(IO); 
f 

If  (  debug  ) 
f 

f pr I ntf ( stderr \nThe  original  number  of  states  was  %d.  ",  nstates); 

If  (  nstates  “  cntl) 

fpr I ntf (stderr,"  No  reduction  poss1ble\n"); 

else 

i 

fprl ntf (stderr, "The  reduced  number  of  states  Is  Sd.Nn",  cntl); 
fprlntf(stderr,"The  states  In  the  reduced  set  are  listed  belowtSn”); 
for  (J  ■  0;  J  <  cntl;  J++) 

fpr I ntf (stderr, "Id  \n",  stateljl); 

I 

i 

If  (  nstates  ■■  cntl  )  return;  /*  Do  NOT  rearrange  global  variables 

before  returning  */ 

for  (J  *  0;  J  <  cntl;  J++)  /*  Sort  Partition  from  low  to  high  order  V 

for  (  k  ■  J  ♦  1;  k  <  cntl;  k+*>  /*  Insure  next  state  rows  are  not  changed 

before  required  In  the  next  FOR  loop  V 


If  (stateljl  >  state  Ikl > 

S 

I  -  state! J);  /*  SWAP  */ 

stateljl  ■  statetkl; 
state  Ikl  -  I; 

S 

If  (  debug  ) 
f 

f pr I ntf ( stderr , "REDUCE ;  Change  stable  and  oteble  to  reflect  the  new"); 
fprlntftstderr,"  partitions.  \n")j 
$ 

for  (J  ■  0;  J  <  cntlj  J++)  /*  Change  next  state  &  output  tables  to  */ 

S  /*  reflect  reduced  number  of  states  */ 

for  (  k  ■  0;  k  <  numlnp;  k++) 

stable! Jltkl  -  stable!  stateljl  -  1  Hkl; 
for  (  k  ■  0;  k  <  (numlnp  *  noutputs  +  1 > ;  k++) 
otablet Jltkl  -  otablel  stateljl  -  1  Itkl; 

S 

nstates  -  cntlj  /*  Change  global  variable  to  reflect  new  number  of  states  */ 

/*  Make  sure  states  are  numerically  sequential.  For  example: 

1  2  3  4  Instead  of  1  2  5  6.  Nonsequential  stae  numbers  are 
highly  likely  when  any  reduction  Is  done.  */ 

for  (  J  ■  0;  J  <  nstates;  J++) 

If  (  stateljl  1-  J  ♦  1  ) 

for  (  k  •  0;  k  <  nstates;  k  •*■*■) 
for  (  I  •  0;  I  <  numlnp;  !♦+) 

If  (stablelkllll  —  stateljl) 
stablelkllll  -  J  ♦  1; 


S 


/*  PRNTO  -  print  a  single  dimension  array  until  value  EOR  or  -2  Is  reached  V 

prnt(p) 

Int  *p; 

S 

Int  *p1; 
pi  -  p; 

fprtntf(stderr,"Partltlons:  \n")j 


for  <  pi  »  p;  *p1  I*  ECR;  p1++) 
fprlntftstderr,"  Id",  *p1); 
fprlntftstderr ,"\n") ; 


/*  FORMAT  -  prints  an  text  file  of  global  variables  Nstates,  Nlnputs, 

Noutputs,  Symbol,  Lambda,  and  the  two  arrays:  Stable  and  Otable 

V 


format ( stab le,otab I e> 


I 


tnt  stab let  HAXSYMBOLS ) IMAXCOMB INI; 
char  otablelMAXSYJCOLSHMAXCOteiN); 

{ 

Int  J,  k,  I; 

If  (  debug  ) 

f prlntf( stderr, "Hel lo  from  FORMAT  n">; 
fprlntf (foot, "Zd  Id  Id  Id  II. If", nstates, nlnputs, noutputs, symbol, lambda  ); 
fprlntf(fout,"  Zd\n\n",errorstate); 
for  (  J  *  0;  J  <  nstates;  J++) 
f 

for  (  k  ■  0}  k  <  numtnp;  k*+) 

fprlntf(fout,"Zd  ”, stable!  JHkl); 
f pr I ntf ( f out, " \n" ) ; 
f 

fprlntf ( fout,"\n\n"> ; 

If  (  (  numlnp  *  noutputs  )  >  NUMCOL  ) 

S 

fprlntf(stderr,"Narnlng  -  the  output  array  will  print  funny  since  "); 
fprlntf (stderr, "numtnp  *  noutputs  Is  longer  than  Id.”,  NUMCOL); 
i 

for  (  J  ■  0;  J  <  nstates;  J++) 

fprlntf (fout,  "ls\n",otable! Jl); 

S 


/*  ERROR  -  Prints  error  messages  to  stderr  */ 

errortn) 

Int  n; 
f 

char  *p1  •  "ERROR  -  Usage:  symreduc  I— dl  outflle.ext  <  Inf lie  ", 

*p2  ■  "ERROR  -  Illegal  symbolic  state  table  parameter  in  first  line  of  file.", 
*p3  ■  "ERROR  -  One  of  the  symbolic  state  table  parameters  Is  zero.", 

*p4  ■  "ERROR  -  Variable  name  In  the  state  or  output  arrays  did  not  natch”, 
*p4p1  -  ”  any  of  the  given  symbolic  names.", 

*p5  »  "ERROR  -  Incorrect  number  of  state  or  output  table  variables.  ", 

*p€  •  "ERROR  -  Invalid  string  In  the  state  table.  ", 

*p7  ■  "ERROR  -  Partition  list  error.", 

*p8  »  "ERROR  -  At  least  two  symbolic  state  names  are  Identical  1 1  ”, 

*p9  ■  "ERROR  -  Can't  open  the  output  f I le:  ", 

•plO  •  "ERROR  -  State  transitions  changed  to  state  NOT  In  Partition"; 

swltch(n) 

S 

case  It  fprlntf(stdarr,"Ss\n\n",  pi);  break; 
case  2:  fprlntf (stderr, "Js In \n",  p2);  break; 
case  3:  fprlntf(  stderr,  "Zs  Inin",  p3);  break; 
case  4:  fprlntf (stderr, "ZsZs\n\n",  p4,  p4p1);  break; 
case  5:  fpr1ntf(stderr,"lslnln",  p5);  break; 
case  6:  fpr I ntf< stderr ,"Zsln\n",  p6);  break; 
case  7;  fpr I ntf ( stderr , " Js\ n\ n" ,  p7);  break; 
case  St  fprlntf (stderr,”Ss\n\n",  p8);  break; 
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cam  9:  fprlntf (stderr,"*s\n\n",  p9);  break; 
ease  10s  fpr1n+f(stderr,  "<s\n\n",  plO);  break; 
defaults  f pr I ntf(stderr, "ERRONEOUS  call  to  ERR0RI!!\n\n") 
Si 

axtt(l); 

{ 


ASSIGN. C 


/*  ASSIGN.C  -  Fixed  arrays  V 

/*  ASSIGN  -  Makes  an  optimum  state  assignment  tor  the  state  table 
In  the  Input  tile.  The  output  tile  Is  suitable  for  PRESTO. 

Options  Include  simple  assignment  and  grey  code  schemes. 

Debug  Is  also  an  option.  V 

Alnclude  <std!o.h> 

A define  TRUE  I 
A define  FALSE  0 

Adeline  MAXCOL  100  /*  Maximum  number  of  distinct  state  assignment  columns  */ 
Adeflne  MAXN UMBER  50  /*  Maximum  number  of  states.  Inputs,  or  outputs  */ 

Adeline  MAXCOMBIN  500  /*  Maximum  for  numlnp  *  noutputs  */ 

Adeline  MAXLEN  25+1  /*  Maximum  length  for  symbol  names  plus  1  for 

string  termination  */ 

Adeline  E0R  -2  /*  End  of  Record  */ 

Adeline  E0P  -1  /*  End  of  Partition  */ 

Adeline  NUMC0L  80  /*  Number  of  columns  on  standard  CRT  */ 

/*  Used  for  visual  output  only  -  does  not  affect  files  */ 


static  Int  mass_debug  -  FALSE,  debug  -  FALSE, 
simple  -  FALSE,  grey  -  FALSE; 

static  Int  nstates,  nlnputs,  noutputs,  symbol,  errorstate,  numlnp  ; 
static  Int  dsanum,  maxstate,  num2n,  num2njl,  num2R_1,  num2R; 

FILE  *fout,  *fopen( ) ;  " 

float  lambda; 


main  (argc,  argv) 

Int  argc; 
char  *argv(l; 

I 

Int  flag; 

char  ©table  IMAXNUMBERllMAXCOMBINl,  svart  MAXCOL  H  MAXN UMBER  )  ; 

Int  atransIMAXNUMBERl (MAXCOMBIN! ; 
register  Int  J,  k; 


tout  •  fopen  (argvtargc-II,  "u"); 
It  (tout  —  NULL)  error (2); 

If  (argc  >  4>arror  (1); 


for  (  J  ■  1;  J  <  (argc-1)}  J++) 

If  C  argvIJHOl  ~  ) 

swltch(argvlj)d)  ) 

S 

case  'd':  debug  “  TRUE; 
break; 

case  's':  If  (  argvtj](2l  —  *a*  )  simple  -  TRUE; 
else  errord); 
break; 

ease  'g's  If  (  argv(JU2]  “  'c*  )  grey  ■  TRUE; 
else  errord); 
break; 

case  'm';  mass_debug  -  TRUE; 
break; 

default:  errord); 
i 

If  (  debug  ) 

fprlntf(stderr,"  Hellol  You  are  now  In  the  PLAFST  DEBUG  ZONEI\n"); 

flag  ■  scan f( "Id  Id  Id  Id  If", instates,  in Inputs,  inoutputs,  isymbol,  ilambda); 
If  (flag  >  0  )  flag  *  scanf("ld”,  ierrorstate) ; 

If ((flag  —  NULL) 1 1 (flag  —  EOF  )>  error(3); 

numlnp  ■  power! n Inputs);  /•  Nualnp  equals  2  raised  to  the  nstates  */ 

If  (debug)  /*  Print  symbolic  state  table  values  from  above  */ 

i 

fprlntf(stderr,"The  symbolic  state  table  values  were  read  In  "); 
fprlntf(stderr, "correctly.  Their  values  are  :  \n"); 
fprtntf(stderr ."nstates  Id,  ntnputs  Id  n", nstates,  nlnputs); 
fprlntf(stderr,"noutputs  Id,  CIF  symbol  Id  n",noutputs,  symbol); 
fprlntf(stderr,"latfbda  II. If  numlnp  |d\n", lambda,  numlnp); 
fprlntf(stderr,"errorstate  |d\n\n",  errorstate); 
f 


/*  Load  the  character  arrays  from  the  Input  file.  */ 

If  (  debug  ) 

fprtntf(stderr,"The  state  table  values  are  now  being  loaded.\n\n"); 
loadlnt  (  strans,  nstates,  numlnp  ); 
loadchar  (  otable,  nstates  ); 

If  (  debug  ) 

fomat(strans,otable); 

setnumd;  /*  Set  the  values  of  global  variables  dsanum,  maxstate,  num2n 
and  num2n_1  */ 

If  (  errorstate  1-  NULL  > 
f 

expandt strans  stable  > 

■  *  k.  e  undefined  states  transition  to  the  errorstate  */ 
setnumd;  /*  R  set  the  values  of  global  variables  dsanum, 
maxstate,  num2n,  and  num2n  1  */ 
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'  VV*.  **■  k**  •'*  .  -  w'* 


If  (staple)  codecs  Imp  let  strans,  svar); 
else  If  (  grey  )  code _grey(  strans,  svar); 
else  opt I mumt strans.  svar  ); 

merge  (  strans,  otable,  svar  ); 
fclose(fout); 
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/*  EXPAND  -  makes  all  undefined  states  transition  to  the  errorstate 
and  designates  the  output  as  all  zeroes  */ 

expand! strans,  otable  ) 

Int  strans I MAXNUMBER I IMAXCOMB INI; 
char  otabletHAXNUMBER] IMAXCOMB IN); 

S 

Int  J,  k; 


for  (  J  ■  nstates;  J  <  nua2n;  J++) 
f 

for  (k  ■  0;  k  <  numlnp;  k++) 
stransljllkl  -  errorstate; 
for  <  k  ■  0;  k  <  (numlnp  *  noutputs);  k++) 
otableljllk)  -  'O'; 

otable(J)Ik)  ■  0;  /*  Terminate  the  string  */ 

f 

nstates  -  nua2n;  /*  All  states  are  now  defined  -  therefore  the  number 

of  states  Is  equal  to  the  maximum  number.  */ 
f 


. . . . . . . . 

f*  OPTIMUM  -  assigns  an  optimum  state  variable  code  to  the  state  table.  */ 

optimum!  strans  ,  svar  ) 

Int  stranstMAXNUMBER 1 IMAXCOWJ INI; 
char  svarlMAXCOUlMAXNUMBER); 

S 

char  c,  yvarlMAXOOLl (MAXNUMBER),  YVAR  l  MAXCOLH  MAXNUMBER); 

Int  J,  k,  I,  n; 

Int  costtMAXCOU,  est,  EST; 

If  (  (nu*2n_1  ♦  1)  ■■  nstates  )  /*  m  */ 

/*  Nstates  equals  2  +  1  -  so  list  y  variables  */ 
for  (  J  ■  0;  J  <  num2R__l;  J++) 

decbln(  yvar(J),  (J  +  1),  nstates  ); 


•1m  /*  N states  Is  even  so  generate  the  y  variables  */ 

$ 

for  (  J  m  Oi  J  <  nstates;  J++) 
yvarlOHJl  ■ 

yvarlOHkl  -  Oj  /•  Initialize  the  first  string  */ 

n  ■  nstates  -  num2n_l; 

J  ■  0; 

while  (  n  <  nstates  /  2  ) 

S 

J  *  genOI  yvar,  n,  0,  0  ); 

yvarlJJIOJ  ■  /*  Change  the  first  character  In  the  "seed" 

for  GEN1  V 

J  »  genii  yvar,  n,  J,  0  )} 
n++; 

S 

If  (  nstates  I  2  )  /*  Nstates  Is  odd  so  call  both  genO  and  genl  V 

f 

J  ■  genOI  yvar,  n,  J,  0); 
yvarlJHOl  ■ 

J  ■  genii  yvar,  n  ,J,  0); 
f 

else  J  ■  genOI  yvar,  n,  J,  0); 

for  I  k  ■  0;  k  <  dsanum;  k*+)  /*  Fill  the  *-'s  with  a  *0*  or  M*  */ 

S 

If  I  yvarlkHOl  —  *0*  )  c  -  »1»* 

•Isa  c  ■  'O' ; 

for  I  I  -  0;  I  <  nstates;  I++) 

If  I  yvarlkll 1 1  —  )  yvarlkllll  -  c  ; 

I 

S 

If  I  debug  ) 

f pr I ntf I stderr, "Distinct  State  Assignment  Columns\n\n"); 
for  I  k  ■  0;  k  <  dsanum;  k++) 
f 

for  I  I  ■  0;  I  <  nstates;  I++J 

If  I  yvarlkllll  —  '1*1  YVARlkllll  -  'O'; 

•Im  YVARIkll 1 1  -  'I'; 

YVARIkllll  ■  0;  /*  Terminate  the  string.  YVAR  Is  the  complement 

of  yvar  -  required  by  D  flip  flop  Implementation  */ 

If  I  debug  1 

fpr I ntf I stderr ,"ts  <s\n\n",  yvartkl,  YVARI  k  1  ); 

f 

If  I  J  I*  dsanum  ) 

5 

fprlntflstderr,"J  Id,  dsanum  ld\n",  J,  dsanum); 
error I 7); 
f 

If  I  debug  ) 

S 
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fpr l ntf< stderr, "State  Transition  Table\n">; 
tonal  strans); 

S 

tor  (  J  ■  0;  J  <  dsanun;  J++) 
f 

•st  ■  cosi^_est(  strans,  yvarljl); 

EST  *  cost_est<  strans,  YVARIJ1); 

It  <  est  <  EST  )  costljl  -  astj 
else  costljl  ■  EST; 

If  (  debug  ) 

S 

fpr t nf f (stderr ,"0PT s  J  Jd.est  Sd,  EST  U  ",  J,  est,  EST); 
fprlntf(stderr,"cost  td  yvar  is,  ", costljl, yvarljl); 
fprlntf(stderr,"YVAR  *s\n",YVARt  J  1  ); 

I 

f 

sort  (  cost,  yvar,  YVAR  ); 

If  (  debug  ) 

for  (  J  ■  0;  J  <  dsanun;  J++  ) 

fprlntf(stderr,"cost  td,  yvar  Is,  YVAR  |s\n",costt J), yvar l Jl.YVARt Jl) 
optjisslgn  (  strans,  cost,  yvar,  YVAR,  svar  ); 


/*  C0ST_EST  -  copies  the  state  transition  table  Into  a  truth  table  using 
the  given  yvar  of  YVAR  string.  Splits  the  table  Into  halves 
based  on  whether  the  yvar  string  Is  a  *0’  or  *1*.  It 
divides  the  undefined  states  so  that  there  are  an  equal 
nueber  of  'O’  and  M'  rows. 

This  Is  done  decrease  the  cost  obtained  when 

the  table  Is  evaluated  by  QMcClus.  C0ST_EST  Is  used  only 

to  obtain  the  nlnlnun  cost  estimates.  */ 


cost_est(  strans,  yvar) 

Int  stranslMAXNUMBER JIMAXCOeiN J; 
char  *yvar; 

5 

char  stMAXKUMBERUMAXCOHBINl,  c,  yvarplMAXCOU; 

Int  J,  k,  I,  n,  half,  esttnate; 

strcpyC  yvarp,  yvar  ); 

truth_tab le(  s,  strans,  yvarp  );  /*  Make  truth  table  for  yvarp  V 

If (debug) 

S 

f pr 1 ntf ( stderr , "C0ST_EST t  TRUTH  TABLE  for  *s\n",  yvarp); 
fomc<  s,  nstates); 

I 


/*  Separata  *0*  and  *1*  rows  */ 

/*  Test  yvarp  starting  at  yvarplhalfl  for  values  equal  to  yvarp(O). 


Stop  when  yvarplhalfl  Is  equal  to  the  first  yvarp  value  -  This 
row  auist  be  noved  to  the  other  ('O'  or  MM  half  of  the  table  */ 

half  ■  nun2n_1  ; 

while!  (yvarplhalfl  I*  *yvarp)  &&  (  half  <  estates  ))  half""; 
for(  J  ■  1;  J  <  nuai2n_1  ;  J++) 

Iff  *(yvarp  ♦  J1  1“  *yvarp  1 
S 

If  (  nass_debug  ) 

fprlntf(stderr,"half  before  <d\n",half>; 

If  (  half  <  nstates  1 
/*  SWAP  */ 

for(  k  -  0;  k  <-  nutnlnp;  k++) 

5 

c  -  stjllkl; 
stjllkl  -  slhalfllkl; 
slhalfllkl  -  c; 

c  ■  yvarpl  half  1; 
yvarp!  half  1  -  yvarp!  J  1; 
yvarp!  J  1  ■  cj 

5 

else  /*  MOVE  V 

i 

for  (  k  -  0;  k  <  nuilnp;  k++> 
slhalfllkl  -  stjllkl; 
yvarplhalfl  ■  yvarpljl; 

If  (  Mss_debug  1 
S 

fprlntf(stderr,"yvarp.half  Sc  ,  ",  yvarplhalfl); 
fprlntf!  stderr,"  yvarp. J  Sc\n",  yvarpljl); 

S 

yvarpljl  ■ 
half""  ; 

S 

If  (  half  <  nstates  ) 

while!  (yvarplhalfl  !■  "yvarp)  U  (half  <  nstates)  )  half""; 

else 

yvarpthalf""!  “ 

If  (  ness  debug  ) 


f pr I ntftstderr, "Rearranged  column  variable:  Jts\n",  yvarp); 

fort  J  ■  0;  J  <  num2n;  J++)  /*  Fill  In  undefined  states  */ 

tf  (  (  yvarpCJI  1-  'O'  )  4i  (  yvarptjl  I-  M*  )  ) 

5 

for  (  k  ■  0;  k  <  numlnp;  k++) 
st JUKI  -  •!•; 

sljltkl  ■  0;  /*  Terminate  the  string  */ 

i 


Iftdebug) 

f 

fprtntftstderr,"COST_EST:  Rearranged  truth  table  for  cost  evalutatlon Vn"); 
formct  s,  num2n  >; 

5 

estimate  -  TRUE  ; 

return  QHcClust  s,  num2n,  yvarp*  estimate); 

$ 


/*  TRUTH_TAHJE  -  generates  a  character  array  truth  table  from  the 

state  translations  t  strans  )  and  the  column  variable 
t  ever  ) . 

*/ 

truth_t ablet  setrans.  strans.  ever  ) 
char  sctransIMAXN UMBER  I IMAXCOMB  IN],  *cvar; 

Irrt  stransIMAXNUMBER I IMAXCOMB INI; 

I 

Int  J,  k; 

fort  J  ■  0;  J  <  nstates;  J++)  /*  Hake  first  cut  at  Truth  Table  */ 

f 

for  t  k  ■  0;  k  <  numlnp;  k*+) 

sctransljltkl  •  *t  ever  ♦  stransIJHkJ  -  1  ); 
sctrenstjltkl  ■  0; 
f 

* 


/*  FORMC  -  prints  an  array  of  num  strings  to  stderr 

formct  array,  num  ) 

char  arraytMAXCOUIMAXCCMBINl; 

Int  num; 

S 

Int  J; 
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for  (  J  ■  0;  J  <  nun;  J+-*-) 

fprlntf(stderr,"$s\n",  array! Jl); 


/*  QMcClus  -  Qut no  McClusky  state  evaluation  */ 

QMoClusi  s,  numrow,  svar,  estimate  ) 
char  sIMAXNlPBER  HMAXC0M3IN] ,  *svar; 

Int  numrow,  estimate; 

$ 

Int  J,  k,  I,  m,  hold,  lastpl,  last!,  stackl,  lastadj,  numb Its; 

Char  pr lme_lmplMAXCOMBIN] IMAXNUMBER], 
tm«>1  CMAXC0MBIH1 (MAXNUMBER1; 

Int  numonesIMAXCOMBIN],  differ,  pass,  change  -  TRUE,  ni,  nt,  sit,  cost; 

hold  •  0;  /*  Used  to  count  the  number  of  Impllcants  In  the 

zero  half  of  the  table.  */ 

lastpl  -  0; 

numb Its  -  maxstate  ♦  n Inputs; 

i*0  ; 


m 


for  (I  ■  J  •  0;  J  <  numrow;  J++)  /*  Got  Initial  Impllcants  */ 

f 

for  (k  »  0;  k  <  numlnp;  k») 

If  <  sCJllkl  —  *1*  ) 

S 

numonesl  m++  1  *  J  ; 

If  (  J  <  num2n__l  )  hold**;  /*  The  Impl leant  Is  In  the  zero  half  */ 
decbtnl  prlme_lmpt  lastpl++  ],  I  ♦  k,  numb Its); 

If  (  (  *(svar  ♦  J)  —  *1*  >1 l(  *(svar  ♦  J>  —  *0*  1  > 
prlme_fmp  (lastpl  -  111  numb  Its  ■*■11-1; 
else  /*  Mark  the  required  Impllcants  */ 

prtmejmp  (lastpl  -  IKnumblts  ♦  11  -  0; 

* 

I  ♦-  k* 

S 

lastadj  -  lastpl; 

tf  (  estimate  1 
I 

/*  Check  for  2k  rows.  Gets  the  the  Impllcants  with 
a  0  most  significant  bit  first.  Only  gets  one 
adjanceny  per  Imp II cant  from  the  Impllcants 
with  a  1  ms  bit.  This  satisfies  the  criteria 
that  groupings  In  the  transition  table  have  the 
same  number  of  Impllcants  from  each  half  of  the 
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table. 


lastl  ■  0; 

tor  (  J  ■  0;  J  <  hold 
S 


Hold  equals  the  nunber  of  0  half  prime 
lap  I (cants. 

*/ 


J**  > 


If  <  svart  numonesl  J  1  I  “  '*•  )  /*  Skip  don't  care  roes  */ 

continue  ; 

■  *  0} 

tor  I  k  -  aaxstate  -  1  ;  k  >  0;  k— ) 

If  (prlmejapt  Jllkl  I-  prlmejmpl Jllmaxstate  -  11  ) 

o++;  /*  Checks  for  number  of  changes  between 

I  and  0  */ 

If  (  (prlmejapt Jllmaxstate  -11“  '0')U(n  “  0)  It 
(prlmejapt  Jllmaxstate  -  13  “  ’1')M(m  <-  1)  1 
f 

If (debug) 

fprlntf(stderr,"QM:  0  half  Is  m  |d\n",  prlmejmpl Jl,  m  ); 
strcpy(  ImpK  Iast1++  1.  prlmejapt  J  1  1; 

S 


/*  Look  for  2k  rows  In  the  1  half  of  the  table  */ 

If  (  aass_debug  1 

for  <  l  -  hold  ;  l  <  lastadj  j  I++  1 
J 

fprlntfl  stderr,"QM  prime  lapl (cants:  Is  •,  prlmejmpl  II); 
fprlntfl  stderr,"  row  Id,  yvar  lc\n",  numonesl 11,  svar I numonesl 1 11); 
f 

for  <  I  »  0;  I  <  last!  ;  |++  ) 

for  (  pass  *  0;  pass  <  1  ;  pass++  )  /*  Look  for  prime  Impllcants 

first,  then  any  adjacenles  */ 
f 

If  (  pass  “  1  ) 

J  ■  hold  ; 

for  (  j  J  <  lastpl  ;  J++  ) 

S 

switch  (  pass  ) 

5 

case  0:  If  (  svarl  numonesl  J  1  1  ■■  ) 

continue; 

/*  Skip  the  don't  cares  on  the  first  pass  */ 
case  1:  If  (  svarl  numonesl  Jill"'*') 
continue  ; 

/*  Skip  prime  Impllcants  on  the  second 
pass  */ 

S 

m  -  0; 

for  (  k  ■  numb Its  -  1  ;  k  >  0;  k — ) 

If  (  k  >  maxstate  -  1  ) 

I 

If  (  prlmejapt  J  11  k  1  1-  Implt  I  11  k  1  ) 
break; 
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If  <prlme_tmpt Jltkl  1“  prlme_lmp[ J  Umax  state  -  11  ) 
***■;  /*  Checks  for  number  of  changes 

between  1  and  0  */ 

If  (  k  >  maxstate  -  1  ) 

continue;  /*  Impltcants  were  In  different  Truth 

Table  columns  */ 

If  (  mass_debug  ) 

fprlntf(stderr,"AdJ.  consider  Us  n",  prlme_tmpl  J  1)  ; 

If  (  (prlme_1mpt jllmaxstate  -11“  'O’HMm  “  0)  II 
(prlese  fmpljl 1 maxstate  -  11  “  *  1 ' )&&(n  <■  1)  ) 
f 

strcpyl  prtmejmpl  lastadj  1,  prlme_lmpt  J  1  ); 
prlmejmp  I  lastadj-*-*'  II  0  1  •  *-•; 

/*  Mark  Adjanceny  */ 

If  (  debug  ) 

$ 

fprlntf(stderr,"1  half  %%",  prtme_Jmpl  J  1)  ; 
fprlntftstderr,"  m  Sd",  ml; 
fprlntftstderr,*,  0  half  *s\n",  Implt  I  1  ); 
i 

break;  /*  Only  look  for  one  match  */ 

* 

I 

If  (  J  <  lastpt  1  /*  Above  for  loop  found  a  match  and  we 

only  need  to  look  for  one  match  so..  */ 

S 

J**  i 

break  ; 

S 

S 

f 

/*  Sort  prlmejlmp  Into  Impl  by  the  number  of  Is  In  each  term  */ 

for  (  J  -  0;  J  <  lastadj;  J**  ) 
f 

gray_code(  prlmejmpl  J  1  1;  /*  Convert  to  Gray  code  */ 

fort  I  »  k  •  0  ;  k  <  numb Its;  k++  1 

If  (  <prlme_Impl Jllkl  —  *1*1  II  (prlme_lmpljllkl  —  >  )  I++; 

numonestjl  •  I; 

i 

for  (  I  •  hold  *  J  ■  0  ;  J  <  numb Its  ♦  1;  J++1 
f 

for  (  k  ■  0;  k  <  lastadj;  M-O 

If  (  nuaonesl  k  1  “  hold  1  /*  Move  to  Impl  */ 

I 

strcpyl  Impl I  I  1,  pr1me_!mpt  k  1  >; 

Impl  I  I  It  numb  Its  -*-11-0;  /*  Set  check  flag  */ 

i  •*■*•; 

s 

hold**-; 

If  (  I  I-  0  1 


tnplt  I  HO)  -  0 


/*  Mark  divisions  between  teres  with 
different  number  of  ones  */ 

\**l 

$ 

f 

lastl  »  I  -  1j  /*  Set  pointer  for  Inpl  */ 

pass  ■  I; 
hold  “  0; 

If  (  debug  ) 

for  (  J  ■  0;  J  <  lastlj  J++) 

fprlntf (stderr,"OMcClus:  >s\n".  Inpit  J  )  ); 


while  (  change  )  /*  QuIne-McClusky  algorithm  */ 

$ 

change  *  FALSE; 

Stack!  -  MAXCCM3IN; 

for  (  J  ■  hold  J  J  <  lastl  -  1;  J++) 

S 

switch  (  Inpit  J  HO)  ) 
f 

case  If  (  pass  “  1  ) 

J 

I  ft  eass_debug  ) 

fpr1ntf(stderr,"Est  Adjacency:  fs\n", InplIJl); 
Inplt  J  It  numb  Its  1  1  -  1;  /*  Set  check  flag  */ 

If  <  stkchkt  stack 1 ,  Inpl,  J  >  > 

strcpyt  Inplt — stack 11,  Inplt  J  )  >; 
continue; 

S 

break; 

case  0:  Inplt — stack!  3(01  “  0;  /*  Set  division  marker  */ 

continue; 

$ 

k  -  0; 

I  -  J  ♦  1i 

while  (  t  k  <  2  )&&<  I  <  lastl  )  ) 

f  /*  Only  check  for  adjancencles  In  this 

division  and  the  next  */ 

switch!  Inplt  I  It  0  1  ) 

J 

case  0:  k+*  ;  /*  Check  for  division  marker  */ 

l**  i 

continue  ; 

case  If  (  pass  “  1  )  /*  Check  for  estimated  adjacency  */ 

S 

l**  J 

continue  ; 

S 


differ  ■  numblts  ; 


for  <  a  ■  0;  n  <  numblts;  ) 


>/ 


If  <  Implt Jltm]  —  iMpI  1 1  Hal  )  differ—; 

'o\  hold  ■  m; 

If  (  differ  “  1  ) 

/*  Impl (cants  differed  at  only  one  postton 
so  they  are  adjacent.  Stkchk  checks 
the  stack  for  duplicate  entries  */ 
f 

If <  eass__debug  ) 

fprtntf(stderr, "Adjacency:  Is  <s\n", Impl t Jl, Impl 1 1 1); 

If  (stack!  <  J  )  error  (10);  /*  Stack  overflow  */ 

teptt  J  It  numblts  +11*1;  /*  Set  check  flag  */ 
leplt  I  II  numblts  +11-1;  /*  Set  check  flag  V 
change  ■  TRUE;  •/*  Let  the  outer  while  loop 

know  that  we  found  an  adjacency.  */ 
strcpyt  Impl I — stack 1  I,  Impl t J]  ); 

{■pit  stack 1  It  hold  1  »  /*  Mark  the  adjacency  */ 

If  (  I  stkchkt  stack 1  ♦  1.  Impl*  stack 1  )  > 

stack 1++  ;  /*  Check  If  already  on  the  stack  */ 

S 

I++;  /*  Point  to  the  next  Impl leant  */ 

I 

S 

/*  Compact  Impl  */ 

I  -  0; 

for  (  J  -  0;  J  <  lastl;  J++) 

If  (  (Implt Jltnumblts  +  II  —  0  >&&  C  Tmplt JIIOI  I-  0  )) 

©  * 

If C  mass__debug  ) 

fprlntf(stderr,"<JM  compact:  Ss  Vn",  Implt  Jl); 
strcpyt  Implt  II.  Implt  J  I  ); 

Implt  I++  It  numblts  ♦11*0;  /*  Zero  the  check  flag  */ 

f 

hold  ■!;  /*  Save  the  start  of  adjacent  Impltcants 

from  the  last  search  */ 
for  C  J  -  MAXCOWIN  -  I;  J  >-  stackl;  J—  ) 
f 

strepy  (  Implt  I  1,  Implt  J  1  > ; 

Implt  I++  It  numblts  ♦  1  J  ■  0;  /•  Hake  sure  that  the  flag  */ 

I  /*  Is  reset.  */ 

last!  -  I  ; 

If  (  mass_debug  ) 

for  (  J  ■  0;  J  <  lastl;  J++  ) 

fprlntf(stderr,*<3McClus:  Impl  Its  n",  ImpKJl  ); 
tf  (  debug  ) 

fprlntf(stderr,"QMcClus  pass  §  Jd\n",  pass  ); 
pass**  ; 
f 


/*  Done  with  the  QuIne-McClusky  -  so  find  minimum  cover  */ 
nl  ■  nt  *  sit  ■  0/  /*  Number  of  Literals,  Number  of  terms*  and 
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Single  literal  terms 


*/ 

Stack  1  -  HAXC0W3IN; 

for  <  J  ■  0;  J  <  lastpl;  J++) 

If  <  prlme_lmp  I  J  II  numblts  ♦  11  •*  1) 

S 

I  ■  0; 

for  (  k  -  stackl  ;  k  <  MAXCOMBIN  ;  k*+  ) 

$ 


If  (  mass_debug  ) 

fpr I ntf ( stderr, "STACK  CHECKII  Is  \n",lmp1Ikl  ); 
for  (  I  *  0;  I  <  numblts;  I++) 

If  IdmpItkH  1)  I-  »-*)Ullmp1lkH  I  1  I-  prfmejnpt  J  HID) 
break; 

If  (  I  “  numblts  )  /*  Matchl  */ 

S 

If  (  debug  ) 

fpr  I  ntf  ( stderr Min.  Cover:  Is  ls\n",prlme_lmp[J],Imp1tkD 
break; 

5 

I 

If  <  1  ■»  numblts  ) 

continue;  /*  Found  a  match  so  skip  the  next  search  */ 


for  (  k  ■  lastl  -  1;  k  >■  0  ;  k — ) 

J  /*  Search  the  least  restrictive  Impllcants  first  */ 


If  (  mass_debug  ) 

fpr I ntf (stderr, "CHECK 1 1  Is  \n",l«pllkl  ); 

If  (  Impl(kHO)  “  0  )  continue; 
for  <  I  -  0;  I  <  numblts;  I++) 

If  (OmplIkHIl  I-  '-DWIImplIk)!  I  1  I- prlmejmpl  J  HID) 
break; 

If  (  I  —  numblts  )  /*  Match!  */ 

f 

strcpy  (  ImplI  —stackl  1,  ImplI  k  J  ); 

If  (  debug  ) 

fpr  I  ntf  (stderr,"  Min.  Cover:  Us  ?s\n",prtaeJmp[J),lmp1(kD 
break; 

S 

S 

s 


/*  Determine  the  cost  of  state  assignment  */ 

J  ■  0; 

while  (  stackl  <  MAXCOMBIN  ) 

S 

If  (  debug  ) 

fprlntft  stderr,"  Stack:  Is  In",  ImplI  stackl  )  ); 
strcpy (  ImplI  J,  ImplI  stack1++  I  ); 

S 

lest!  ■  J  ; 
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for  <  J  ■  0;  J  <  lastl;  J++) 

S 

for  <  I  ■  k  ■  0;  k  <  numb Its;  k 
If  <  laplt  J  Hkl  !■  )  I 

nt*+; 

If  C  I  —  1  >  slt*+; 
nl  +**  I; 

$ 

If  (  debug  ) 

fprlntf<stderr,"QMcCluss  nl  Id,  nt  Id,  sit  £d\n",nl»nt,slt); 
If  (  nt  —  1  ) 

If  C  sit  —  0  ) 
cost  *  nl; 

•Iso 

cost  ■  0; 

else 

cost  »  nl  ♦  nt  -  sit; 
return  cost; 


/*  STKCHK  -  Checks  the  given  stack  for  duplicate  entries  */ 

stkchk  (  stack,  list,  p  ) 

Int  stack,  p; 

char  list!  MAXCOBIN  ][  MAXN UMBER  1; 

S 

Int  J; 

for  (  J  -  stack;  J  <  MAXCOMBIH;  J-m-  ) 

If  <  strcmpt  list!  J  I,  list!  p  1  >  —  0  > 
return  FALSE; 
return  TRUE; 

i 


/*  ARAY_C00E  -  Generates  a  gray  code  form  the  binary  number  pointed 
to  by  PS.  The  binary  number  Is  an  one  dimensional 
array  of  the  charcters  1  and  0.  The  string  Is 
nul  terminated.  This  algorithm  vas  taken  from 
Digital  Logic  by  Chlrllan 

V 


gray__code  (  ps  ) 
char  *ps; 
f 
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char  c,  *p,  cstore; 
Int  save  ; 


save  *  0  ; 

c  •  'O';  /*  Seed  for  the  exclusive  or  loop  */ 

p  “  ps;  /*  Don't  change  the  orglnal  pointer  */ 

If  (  *p  «■  )  /*  Save  the  adjacency  mark  */ 

f 

save  -  1  j 

•p  .  j 

$ 


while!  (p  -  ps)  <  maxstate  ) 
$ 


/*  Exclusive  or  loop  */ 

cstore  ■  *pi  /*  Save  the  current  string  value  */ 

If  (<  (  c  —  'O'  )&&<  *p  —  M*  )  )ll<  <  c  —  '1*  )&&(  *p  —  'O'  )  )) 
*p  »  • 1 • s  /*  Exclusive  or  Is  true  */ 

else 


*p  -  •<>•; 

c  ■  cstore  ; 


/*  Exor  Is  false  */ 

/*  Use  the  present  value  of  *p  to  exclusive  or 
with  the  next  value  */ 


If  (  save  ) 

•ps  ■  ; 

f 


. . * . . . . 

/*  SORT  -  sorts  the  arrays  Cost,  yvar,  and  YYAR  using  Cost  as  a  key.  */ 

sort  (cost,  yvar,  YVAR  ) 

Int  costIMAXCOU; 

char  yvarlHAXCOLHHAXNUMBERI,  YVARIHAXCOLHMAXNUMBERI; 

I 

Int  J,  k,  I  j 
char  hold(HAXNUHBERl) 

for  (  J  ■  0;  J  <  dsanum;  J*-*-  ) 

for(k*J+1jk<  dsanum;  k-*-f ) 

If  (  cost!  k  )  <  cost!  J  1  ) 

f  /*  SWAP  -  Everyttme  something  Is  swapped,  one  of  the 
things  Is  swapped  to  Its  correct  location.  V 
If <  Mss_debug  ) 

fprlntf(stderr,',SORT:  cost  Sd,  yvar  Ss\n”,cost(k),yvarlk)) 
I  ■  cost I  J  1; 
cost!  J  1  •  costl  k  ); 
cost!  k  I  -  I; 
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strcpyi  hold,  yvari  J  )  ); 
strq>y(  yvart  J  1,  yvari  k  1  > 
strcpyi  yvari  k  ),  hold)] 

strcpyi  hold,  YVARI  j  1  ); 
strcpyi  YVARI  J  J,  YVARI  k  1  > 
strcpyi  YVARI  k  1,  hold  ); 


/*  OPT_ASSIGN  -  par forms  tha  optimum  state  assignment.  It  uses  the  cost 
estimates  Just  completed  as  a  guide  as  to  when  the  Is 
achieved.  */ 


opt_asslgnt  strans,  cost,  yvar,  YVAR,  svar  ) 
char  yvar IMAXCOL I IMAXNDMBER I ,  YVARIMAXCOLHMAXNUMBER), 
svartMAXCOL I IMAXNUMBER ] ; 

Int  costIMAXCOU,  stransIMAXNUHBERHMAXCOCINI; 
f 

tnt  J,  k,  I,  e,  stnumIHAXCOL),  done,  san,  an,  mns; 

Int  act cost l  MAXCOL  1,  savenumt  MAXOOL  ),  pass; 

done  -  FALSE; 
pass  •  0  ; 

for  I  J  ■  0;  J  <  aaxstate;  J-t-O 

stnumtjl  »  J;  /*  Initialize  the  state  column  checker  */ 

for  (  J  ■  0;  J  <  dsanum;  J++  ) 

actcostt  J  1  ■  -1;  /*  Initialize  the  actual  cost  array  */ 

while  (  I  valid!  stnum,  yvar)  ) 

nextasnl  stnum,  aaxstate  -  1,  dsanum  ); 
for  (  mns  ■  an  ■  J  -  0;  J  <  aaxstate;  J+t) 

J 

an  *•  best_cost(  strans,  yvar,  YVAR,  svar,  stnum!  J  1,  actcost); 
mns  +“  cost I  stnum! j I  ]; 

If  I  debug  ) 

fprlntf(stderr,"OPTs  mns  2d,  an  2d,  svar  2s\n",mns,an,yvarlstnuml Jl I) 
f 

If  I  debug  ) 

fori  J  ■  0;  J  <  aaxstate;  J++  > 

fprlntfIstderr,"OPTs  SsW,  svart  stnum!  J  J  J  ); 

san  -  an; 

for  I  J  »  0;  J  <  aaxstate  ;  J++  )  /*  Save  the  previous  */ 

seven urn!  J  )  -  stnum!  J  ]  ;  /*  y  variable  set  */ 

If  1  san  >  mns  ) 

whl le  I  done  —  FALSE  ) 
f 

pass**  ; 


V 


s 


H  !  debug  ) 

fprlntf Istderr, "san  2d,  an  2d,  mns  2d\n",  san  ,  an  ,mns  ); 

If  (  t  nextasn!  s+num,  maxstate  -  1 ,  dsanum  )  )  break; 
while  (  1 va 1 1 d(  stnum,  yvar  )  ) 

If  (  I  nextasn!  stnum,  maxstate  -  1,  dsanum  )  )  break  ; 
for  (  mns  *  J  *  0;  J  <  maxstate;  J++) 

$ 

mns  +■  cost!  stnumljl  I; 

If  (  debug  ) 

fprlntf!stderr,"OPT:  2s  2d\n",svartstnumljll, stnumljl  ); 
f 

If  (  san  <■  mns  ) 

$ 

done  ■  TRUE; 

If  (  debug  ) 

fprlntf (  stderr,"OPT:  DONE III!  san  2d  mns  2d\n",san,mns); 
continue; 

$ 

for  <  an  ■  J  ■  0;  J  <  maxstate;  J++  ) 

§ 

an  +■  best_cost(  sirens, yvar, YVAR, svar.stnumt  J  l,actcost); 

If  (  debug  ) 

fprlntf!  stderr,"OPT:  2s \n" ,  svar (stnumljl I); 
f 

If  (  debug  ) 

fprIntf(stderr,"OPT:  mns  2d,  an  2d,  san  2d\n",  mns,  an,  san) 
If  (  san  >  an  ) 

$ 

san  ■  an; 

for  l  J  ■  0;  J  <  maxstate  ;  J++  )  /*  Save  the  previous  */ 
savenumt  J  I  ■  stnuml  J  1  ;  /*  y  variable  set  V 

f 

If  (  debug  ) 

fprlntf !stderr,"san  2d,  an  2d,  mns  2d\n”,  san  ,  an  ,mns  ); 

If  (  san  *■“  mns  1 

S 

done  ■  TRUE; 

If  (  debug  1 

fprlntf!stderr,"DONEH  san  2d  \n",  san  ); 

5 

If  (  debug  ) 

fprlntf!stderr,"san  2d,  an  2d,  mns  2d\n",  san  ,  an  ,mns  ); 


1 


3 


s 


/*  Finished  -  found  the  optimum  binary  assignment!  */ 

for  (  J  ■  0;  J  <  maxstate;  J++  ) 
f 

stnuml  J  1  ■  savenumt  J  1  ; 

strcpy!  svarl  J  1,  svart  stnuml  Jill; 

/*  An  Interesting  note:  Because  of  the  cost  sort  the 
final  combination  of  y  variables  will  always  be  In 
ascending  order  In  the  svar  array.  */ 

fprlntf!  stderr,"0PT:  y_vartable  2s,  ",  svarl  J  1  ); 


•>>*/  *  •  *  -  \ 


•VvvVvV-'-  -V'a'vv. 
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k  -  btndecl  svarl  J  1  ); 

fprlntf<  stderr,"  decimal  value  $d.  Cost  2d\n”,k,  actcostt  stnualJH) 
I 

fprlntf(  stderr, "OPT:  mns  Jd,  san  ld\n",  mns,  san  )  ; 

fprlntfl  stderr, "OPT:  The  solution  took  £d  lteratlons\n",  pass  )  ; 


/*  BINDEC  -  Converts  a  character  string  of  I's  and  0*s 
to  a  decimal  number. 


blndec  (  p  ) 
char  *pj 
5 

Int  J  ,k,  r; 


k  -  J  -  0; 
r  •  estates  -  1; 

while  (  *<p  ♦  k)  I-  0  ) 
f 

It  (  *(p  ♦  k)  —  *1*> 
J  ♦»  power!  r  ); 

k++; 


return  J; 


/*  BEST_C0ST  -  Determines  the  smallest  actual  cost  of  yvar  or  YVAR. 

The  result  Is  stored  In  svar  and  the  cost  Is  stored  In 
actcost  to  minimize  the  number  of  Quine  HcClusky  calls 

V 

best_cost  (  strans,  yvar,  YVAR,  svar.  Index,  actcost  ) 

Int  stranstMAXNUMBER 1 IMAXCOMB INI,  actcost I MAXCOL  1,  Index; 
char  yvartMAXCOLllMAXN UMBER],  YVAR  I  MAXCOL  H  MAXNUMBER  1, 
svar l  MAXCOL  H  MAXNUMBER  1; 


Int  actual,  J  ,k  ; 

char  si  MAXNUMBER  H  MAXCOMBIN  1; 

actual  -  FALSE; 

If  I  actcost!  Index  )  *■  -1  )  /*  Cost  has  not  yet  been  calculated  */ 


+ru+h_+able(  s,  strans,  yvarl  Index  ]  ); 
dont_cere(  s,  yvarl  Index  1  )  ; 

J  »  QMcClusI  s,  num2n,  yvarl  Index  I,  actual  ); 


tru+h_+able(  s,  s+rans,  YVARI  Index  I  )j 
don+_care(  s,  YVARI  Index  1  )  ; 
k  ■  QMcClusI  s,  num2n,  YVARI  Index  1,  actual  ); 
If  <  J  >  k  ) 

$ 

actcostt  Index  1  ■  k; 

s+rcpyl  svarl  Index  1,  YVARI  Index  1  ); 

f 

else 

S 

actcostt  Index  I  -  J; 

strcpyl  svarl  Index  ),  yvarl  Index  1  ){ 

S 

f 

return  (  actcostt  Index  1  ); 

§ 


. . . . . . . 

/* 

DONT_CARE  -  fills  In  the  don't  care  states  to  the  truth  table 

*/ 

don+_care(  table,  string  ) 

char  tablet  MAXNWCER  It  MAXCOMBIN  1,  string!  MAXN UMBER  1  ; 
f 

Int  J,  k  ; 


for  t  J  ■  nstates  ;  J  <  nun2n  j  J++  ) 
f 

for(k"0}k<  numlnp  ;  k++  ) 
tablet  J  It  k  I  -  '1'  ; 

string!  J  1  ■  0  j  /*  Make  sure  that  the  string  Is  conpletely 

tenet  nated  */ 


f 


f 


. . . . . . 

/*  VALID  -  detenetnes  If  a  state  assignment  scheme  Is  valid  */ 


valid  (  stnum,  yvar  ) 
char  yvarlMAXCCUlMAXNUWERlj 


Inf  stnumtHAXCOL 1 ; 


$ 

Int  J,  k,  I,  weight,  vttMAXCOLl; 

If  (  mass_debug  ) 

for  (  J  ■  0;  J  <  maxstate;  J++) 

fprlntf<stderr,"Va»ld:  Js\n",  yvart  stnumt  J  1  1  )} 


while  (  yvart  0  It  J  1  t-  0  ) 

i 

k  -  IS 
weight  -  0; 

for  (  I*  Oj  l  <  maxstate;  1++) 

i 

weight  ♦«  ((  yvart  stnumt  1  1  It  J  1  -  *0')  *  k>{ 
k  *-  2; 

J 

for  (  1*0;  I  <  J;  I++) 

If  (  weight  **  wtt  I  1  )  return  FALSE; 
wtt  J  I  *  weight; 

J+*S 

If  (  nass_debug  ) 

fprlntftstderr, "Valid:  weight  Jtd\n",  weight); 
f 

return  TRUE; 

f 


/< 

/*  NEXTASN  -  gets  the  next  combination  of  state  assignment  columns  */ 

nextasnt  stnum,  p,  limit  ) 

Int  stnumtHAXOOLl,  p,  limit  ; 

S 

Int  val; 
vel  -  TRUE; 

If  t  stnuml  p  )  <  limit  -  1  )  stnuml  p  1  +*  1; 

else 

If  (  p  >  0  ) 

$ 

val  *  nextasnt  stnum,  p  -  I,  limit  -  1  ); 
stnuml  p  I  ■  stnum  I  p  -  1  1+1; 

S 

else 

If  (  stnum  t  p  1  <  dsanum  -  maxstate  ) 
stnumt  p  1  +■  1; 

else 

val  -  FALSE; 

return  val; 


/*  ICRGE  -  produces  the  final  output  file  for  PRESTO  */ 
merge  <  straps,  otable,  svar  ) 

char  otab  letHAXNUfCER  UMAX  COMB  INI,  svar IMAXCOL! (MAXNUMBER I; 
tnt  stranslMAXN UMBER  1 tMAXCOMB I N ]  ; 

$ 

Int  J,  k,  I,  ■; 

char  store!  MAXNUMBER  I; 

fprlntf (fout,".tfd  n.ofd",  n Inputs  +  maxstate,  noutputs  +  maxstate  ); 
fprlntf{fout,"  n.pUd  n",  nstates  *  numlnp  >  ; 
for  (  J  ■  0;  J  <  nstates  ;  J++  ) 
for  (  k  ■  0;  k  <  numlnp;  k++) 

$ 

decbln!  store,  k,  n Inputs  );  /*  Input  signals  */ 

fprlntf <f out, "fs",  store); 

for  !  I  ■  0;  I  <  maxstate;  I++)  /*  Present  State  */ 
putc!  svar!  I  1!  J  1,  tout  ); 

putc!  •  tout  );  /*  Put  a  space  between  the  Input  and 

output  parts  of  the  PRESTO  I nput  file  */ 
■  ■  strans!  J  II  k  1  -  1;  /*  Use  a  as  an  array  pointer  for  svar  */ 
for  (  I  ■  0;  1  <  maxstate;  I++) 

putc!  svar!  I  1!  m  I,  tout  );  /*  Next  State  */ 

for  (  I  »  0;  I  <  noutputs;  I++  ) 

putc!  otable!  J  ]!  k  ♦  I  1,  tout  );  /*  Output  signals  */ 
putc!  'Vi*,  tout  ); 
f 

fprlntf!  foot,  ".e\n"); 


/*  GENO  -  generates  ‘distinct  state  columns  with  n  '0's 

genOi  yvar,  n,  varnum,  varpos) 
char  yvar IMAXCOL ) I MAXNUMBER ] ; 

Int  n,  varnum,  varpos; 

I 


If  !  varpos  ■*  0  )  yvar! varnum 1 I varpos!  -  'O'; 

If  I  n  >  1  ) 

for  !  varpos++  ;  varpos  <  nstates  ;  varpos*-*’  ) 
{ 

yvar! varnum) I varpos]  ■  'O'; 

varnum  *  genO!  yvar,  n-1 ,  varnum,  varpos); 


yvar! varnum H varpos J  -  ; 

J 

•  lM 

If  <  n  —  1  ) 

S 

strcpyl  yvarlvornum  +  11,  yvarlvarnum)  ); 
yvartvarnum*-+llvarposl  ■  'O'; 

If  (  mass_debug  ) 

f pr I n+ f ( stderr , "GENO  yvars  fs\n",  yvarlvarnum  -  11) 
f 

•  Im  error<8); 
return  varnum; 


/*  GEN1  -  generates  distinct  state  assignment  columns  with  n  'I's  */ 

genK  yvar,  n,  varnum,  varpos) 
char  yvarlMAXCOLHMAXNUMBERl; 

Int  n,  varnum,  varpos; 

S 

Iff  uass_debug  ) 

f pr 1 ntf ( stderr ,"GEN1  \n  >d,  varnum  Hd,  varpos  fd  n",  n,  varnum,  varpos); 
If  I  n  >  1  ) 

while  (  +♦ varpos  <  n states  ) 
f 

yvartvarnumllvarposl  -  *1'; 

If  (  mass_debug  ) 

f pr I ntf I stderr, "GEN 1  yvars  |s\n",  yvarlvarnum)); 
varnum  ■  genii  yvar,  n-1,  varnum,  varpos); 
yvartvarnumllvarposl  ■ 

S 

else 

If  I  n  —  1  ) 

while  I  varpos  <  nstates  -  1  ) 

S 

strcpyt  yvarlvarnum  +  11,  yvarlvarnum)  ); 
yvartvarnumlI++varposl  *  M'; 

If  I  mass_debug  ) 

fprlnttlstderr,"GEN1  yvars  Js\n",  yvarlvarnum)); 
varnum*-*'; 

S 

else  errorI9); 


return  varnum; 


/*  DECS  IN  -  converts  declMl  number  to  binary  string  of  '0's  and  't's  */ 


decblnl  p,  n,  nunlen) 
tnt  n,  nunlen; 
char  *p; 

S 

tnt  pslMAXNWCERl,  J,  k; 

J  -  0; 

«hl le  (  n  !■  0  ) 

$ 

pslj**1  -  (  n  S  2  )  +  *0'; 
n  -  n  /  2; 
f 

J— ; 

for  (  k  ■  0;  k  <  nunlen;  k++) 

If  (  k  ■■  nunlen  -  1  -  J  ) 

*(p*k)  ■  pstj — 1; 

els# 

*<p  ♦  k)  -  'O'; 

*<p  ♦  k)  ■  0;  /*  Terminate  the  string  */ 

If  (  debug  ) 

fprlntf(stderr,"0EC8IN:  *s\n«,  p); 
f 


. . . . '<hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh>/ 

f*  OOOE_SIMPLE  -  Simple  assignment  */ 

code_stmple(  strans,  svar) 
char  svarlMAXCOLl (MAXNUMBER I; 

Int  stranst  MAXNUMBER  H  MAXCOMBIN  I  ; 
f 

Int  J,  k,  a,  actual,  total  ; 

char  stl  MAXNUMBER  I,  st  MAXNUMBER  H  MAXCOHBIN  I; 

a  *  0  ; 
total  -  0  ; 
actual  -  FALSE  ; 

for  C  J  ■  0;  J  <  nstetes;  J++J 
f 

decblnl  st,  J,  aaxstate  );  /*  Generate  binary  numbers  */ 

tor  (  k  ■  0;  k  <  maxstate  ;  k++  ) 
svar I  k  It  J  )  -  stl  k  I; 
i 

for  (  J  »  0  ;  J  <  aaxstate  ;  J++  ) 
f 

for  <  k  ■  0  ;  k  <  nstates  ;  k+*  ) 
stl  k  I  ■  svarl  J  11  k  )  ; 


/*  Get  them  In  y  variable  format  */ 


stl  nstates  1  “  0  ; 
truth_table(  a,  strans,  at  )  ; 

■  ■  QMcClusI  s,  num2n,  at,  actual  )  i 
total  +■  n  ; 

fprlntflstderr, "SIMPLE:  variable  Ss,  cost  ?d\n",  at,  n  )  ; 
$ 

fpr I ntf( stderr,  "SIK’LE:  Cost  Sd\n",  total  )  { 

5 


. . . . «*» . . 

/*  C00EJ3REY  -  Gray  code  */' 

codejjrey(  strans,  svar) 
char  svarlMAXCOL I (MAXNUMBER I ; 

Int  stranst  MAXNUMBER  H  MAXCOMBIN  ]  ; 
f 

Int  J,  k,  a,  actual,  total  ; 

char  at!  MAXNUMBER  1,  si MAXNUMBER  H  MAXCOMBIN  1; 

code_staple(  strans,  svar  ); 
for  (  J  ■  0;  J  <  nstates;  J++  ) 
f 

for  (  k  -  0;  k  <  aaxstate  ;  k++  ) 
atl  k  1  -  svar!  k  1C  J  ); 
gray_code(  at  ); 

for  (  k  -  0;  k  <  aaxstate  j  k++  ) 
svarC  k  II  J  1  -  atl  k  1; 
f 

a  •  0  j 

total  •  0  t 
actual  ■  FALSE  ; 

for  (  J  ■  0  j  J  <  aaxstate  ;  > 

f 

for  (  k  •  0  j  k  <  nstates  j  kt*  )  /*  Convert  thea  t  yvar table  format  */ 

stl  k  1  •  svart  J  II  k  1  ; 

atl  nstates  1  ■  0  j  /*  Terminate  the  string  */ 

truth_table(  s,  strans,  at  )  j 
a  •  QMcClusI  s,  nua2n,  at,  actual  )  ; 
total  ♦•»  j 

fprlntft  stderr,  "GRAY  COOE:  variable  is,  coat  id\n",  at,  a  )  ; 
f 

fprlntfl  stderr,  •  GRAY  COOE  Cost:  Id  yi»,  total  )  j 


/*  Get  binary  asstgnaents  */ 

/*  Convert  thea  to  gray  code  */ 


/*  POWER  -  raises  the  given  Integer  to  a  power  of  two  */ 


power(n) 

Int  n; 

I 

Int  J,  pow  -  1; 


If  (  n  “  0  )  return  pow; 
else  tor  <J  -  Os  J  <  n;  J-h-) 
pow  ■  pow  *  2; 

return  pow; 


/*  LOAD I NT  -  loads  Integer  strings  of  maximum  length  MAXLEN  */ 


loadtnt(  p,  numrow,  numcol  ) 
Int  plMAXNUMBERHMAXCOMBINl; 
Int  numrow,  numcol; 

S 

Int  J,  k,  check; 


If (debug) 
f 

fprlntf (stderr,"LOADINT:  the  number  of  -state  rows  to  load  Is  Id \n", numrow); 
fprlntf(stderr,"LOADINT:  the  number  of  next  state  columns  Is  Id  \n", numcol); 
f 

for  (J  ■  0;  J  <  numrow;  J-t-O 
S 

for  <  k  -  0;  k  <  numcol  ;  k*+) 
f 

scanfCld”,  &check); 

If  (  check  I-  NULL  )  plJHkl  ■  check; 
else  errorU); 

If  (  mass  debug  )  fprlntf (stderr,"  Id",  pIJHk)); 

I 

If  (  mass_dabug  )  fprlntf (stderr, "\n»); 
f 
I 


f*  LOADCHAR  -  loads  character  strings* 


loedchar(otable,  nstates) 

char  otable(MAXNUMBERHMAXCOMBIN); 

Int  nstates; 

I 

Int  J,  check; 
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CJ  ■  0;  J  <  nstates;  J++) 

§ 

If ((check  »  scanfCIs",  otabletjl)  )  “  NULL  )  error(5>; 

If  (  fstrlenfotablel Jl)  )  I-  nunlnp  *  noutputs)  error  (6); 
If  (  mass_debug  ) 

fprlntf!stderr,"LOADCHARs  ls\n",otable( Jl); 


/*  StTNUM  -  sets  the  value  of  global  variables  dsanum,  maxstate, 
num2n,  and  num2n_1  •/ 

setnum!) 

f 

Inf  J,  k,  n; 
n  •  Oj 

while  (  (power(n)  <  n states)  )  n++; 

num2n  -  power (n);  /*  Calculate  the  number  of  state  variables  required  */ 

maxstate  ■  n; 

num2n_l  *  power!  < n— 1 )  ); 

num2R_1  ■  power!  !nstates-1)  )  -  Ij 

num2R  ■  power!  n states  ); 

dsanum  -  0; 

for  !  J  •  !  nstates  -  num2n_1);  J  <■  num2n_1;  J++) 
dsanum  +■  blonom!  nstates,  J); 
dsanum  *  dsanum/2; 

If  ! debug) 
f 

fprtntf!stderr,"SETNlM:  n  id,  num2n  id,  maxstate  %d,m,  n,  num2n,  maxstate); 
fprlntf Istderr,"  num2n_1  id,  num2RJ  id  n",  num2n_1 ,  num2R_1); 
fprlntf(stderr,"  num2R  Id,  dsanum  Id  \n",  num2R,  dsanum); 


/*  BIONOM  -  calculates  the 


■leal  result  of  x  things  taken  y  at  a  time  */ 


blonomtx,y) 

Inrt  x,  y; 
f 

tnt  J,  dlff,  n,  m; 


V 


■  -  yj 

dtff  -  x  -  y; 

for  (  J  -  1  ♦  dlffj  J  <  x;  J++>  n  *-  J; 
for  (  J  -  1;  J  <  y;  J++)  *  *«  J; 
tf(  debug  ) 

fprlntf (stderr,"BIONOM:  Id  things  taken  Sd  at  a  tine  Is  ffd\n",x,y,n/m); 
return  (  n/a  ); 
f 


/*  PRNTO  -  print  a  single  dimension  array  until  value  EOR  or  -2  Is  reached  */ 


prnt(p) 

Int  *p; 

! 

Int  *p1; 
pi  -  p; 

fpr I ntf (stderr,  "Partitions:  n"); 


for  (  pi  ■  p;  *p1  I*  EOR;  p1++> 
fpr I ntf (stderr,"  Sd",  *p1); 
f pr I ntf ( stderr V n" ) ; 


/*  FORMAT  -  prints  an  text  file  of  global  variables  Nstates,  Nlnputs, 

Noutputs,  Symbol,  Lambda,  and  the  two  arrays:  Stable  and  Otable 

*/ 

formate stab I e,otab I e I 

Int  stab lelMAXNUMBER 1 IMAXCOMB INI; 

char  otablelMAXNUMBER I IMAXCOMB INI; 

I 

Int  J,  k,  I; 


If  (  debug  ) 

I 

fpr I ntf (stderr, "He I lo  from  FORMAT!  Prints  the  state  "); 
fprlntf(stderr,"  transition  and  output  arrays,  n">; 
f 

fpr I ntf (stderr, "Id  Sd  Id  Id  Si >1f",nstates,nlnputs,noutputs, symbol, lambda  ); 
fpr I ntf (stderr,"  Sd\n\n",  errorstate); 
for  (  J  ■  0;  J  <  estates;  J++) 
f 

for  (  k  ■  0;  k  <  numtnp;  k+>) 
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fpr I ntf (stderr, "Id  ".stable! Jltkl); 
fpr I ntf (stderr," \n")j 
S 

fprlntf(stderr,"\n">; 

If  (  (  nunlnp  *  n outputs  )  >  NUMCOL  ) 

S 

fpr I ntf (stderr ."Warning  -  the  output  array  will  print  funny  since  "> 
fpr I ntf (stderr . "nunlnp  *  noutputs  Is  longer  than  Id*".  NUMCOL); 
i 

for  <  J  ■  0;  J  <  nstates;  J++) 

fpr I ntf (stderr,  "ls\n",otable! Jl); 


/*  FORM  -  prints  Just  the  transition  table  */ 
fore  (  strans  ) 

Int  s trans IMAXN UMBER] [MAXCOMB IN ] ; 

f 

Int  J,  k; 

for  (  J  ■  0;  J  <  nstates;  J++) 
f 

for  (  k  ■  0;  k  <  nunlnp;  k++) 

fpr  I  ntf  ( stderr ,  "Id  ".stransl  JHkl>> 

fpr I ntf ( stderr \n" ) ; 
f 

fpr I ntf ( stderr ,"\ n" ) ; 


/*  ERROR  -  Prints  error  Messages  to  stderr 


error(n) 

Int  n; 

S 

char  "pi  ■  "ERROR  -  Usage:  assign  I— dl  l-sa,-gcl  outflle.ext  <  Inf II: 
*p2  ■  "ERROR  -  Can’t  open  the  output  file!", 

"p3  *  "ERROR  -  One  of  the  state  table  parameters  Is  Incorrect.", 

*p4  -  "ERROR  -  Next  state  Input  file  error!", 

*p5  ■  "ERROR  -  Output  string  Incorrect.  ", 

*pd  ■  "ERROR  -  Output  string  Is  not  equal  to  nunlnp  ", 

*p7  ■  "ERROR  -  Wrong  number  of  distinct  State  Assignment  Columns", 
*p8  •  "ERROR  -  GenO  called  with  n  less  than  I.  ", 

*p9  ■  "ERROR  -  Genl  called  with  n  less  than  1.  "; 


swltch(n) 


case  It  fprtntf<stderr,"*s\n\n",  pi);  break; 

ease  2:  f pr t ntf {stderr, "Is \n\n",  p2);  break; 

case  3:  fprlntf(stderr,"j(s\n\n",  p3);  break; 

ease  4:  fprlntf ( stderr,  "Ss\n\n",  p4);  break; 

case  5t  fpr 1 ntf < stderr , ">s\ n Vn" ,  p5);  break; 

ease  6:  fprlntf(stderr,"Ss  id.  n  n",  p6,  numlnp);  break; 

case  7t  fprlntf(stderr,"js\n\n",  p7);  break; 

case  8:  fprlntf (stderrf"Ss\nVn",  p8);  break; 

case  9:  fpr l ntf { stderr ,  *  Ks\  n\  n" ,  p9);  break; 

default:  fprlntf (stderr, "ERRONEOUS  call  to  ERR0R!l!\n\n") 

S 

ex  ltd); 

§ 


CFORM.C 


/*  CFORMAT  -  changes  PRESTO'S  output  file  to  the  format 

required  by  PLAGEN.  It  also  adds  the  CIF  number  and  lambda 
size,  supplied  In  the  command  line,  to  the  file. 

CFORMAT  uses  the  standard  Input.  Input  files  are  supplied 
by  1/0  redirection.  CFORMAT  assumes  that  the  Input  and  output 
arrays  are  separated  by  a  space.  The  output  file  Is  supplied 
In  the  command  line. 

Usage:  cform  symbol lc_state.table  <  asslgn.out 

*/ 


ftnclude  <std!o.h> 

# define  READ  "r" 

# define  WRITE  "w" 

# define  NULL  0 

/*  MAIN  PROGRAM  */ 


maln(argc,  argv) 

Int  argc; 
char  "argvll; 

S 

char  strlng(2],  c; 

Int  numlnp,  numout,  numprod,  symbol num,  J,  k  ; 
float  lambda; 

FILE  *f1  ; 


If  (argc  I-  2  )  error(O); 

If  < if 1  ■  f open (argv l 1 1, READ  )) 
numlnp  -  numout  ■  numprod  ■  0; 


f scant (  f1,"|*d  **d  |*d  Id  If", 


—  NULL)  error (4); 

/*  Initialize  array  size  variables  for 
later  error  check  that  the  PLA  has 
no  zero  parameters  */ 

(symbol num,  (lambda  ); 


for  (J  -  0;  J  <  3;  J++) 

f  /*  Get  the  PLA  parameters  */ 

scanf("l2s",  string); 

If  (  strlngtOI  I*  '.')  error! 1); 
switch  (strlnglll) 
f 

case  M':  scanfCld",  (numlnp);  break; 
case  'o':  scanfCld",  (numout);  break; 
case  'p':  scanf("ld",  (numprod);  break; 
default:  error(l); 

S 


If  (numlnp  *  numprod  *  numout  *■  0)  errord); 

/*  Write  the  PLA  parameters  to  the  output  file  */ 
prlntfl  "Id,  Id,  Id,  ", numlnp,  numprod,  numout); 
prlntfl  "Id,  Il.1f\n",  symbolnum,  lambda); 

/*  Get  the  PLA  specifications  and  transfer  them  to  the  output 


file.  The  Input  values  are  not  changed.  The  output 
values  are  changed  as  shown  In  the  switch.  */ 


tor  (J  »  0;  J  <  nuaprod;  J++) 

J 

for  (k  ■  0;  k  <  numlnp;  k++) 
f 

scant ("<1s",  &c) ; 
putchar  (  c  ); 

J 

putchar ('  '); 

for  (k  ■  0;  k  <  numout;  k++) 
i 

scanf("Jls",  &c); 
switch  (c) 

S 

case  • 1 • s  putchar! break; 
case  'x':  putchar! 'O' );  break; 
case  putchar! '0');  break; 
case  'O':  putchar!  c  );  break; 
default:  error 13); 

S; 


/*  Handles  Input  Array  */ 


/*  Handles  Output  Array  */ 


putchar!  •  n*  ); 
f 


errortn) 
lot  n; 
f 

switch  !n) 

$ 

case  0:  fprlntf Istderr, "Usage:  cformat  symbol  I c_state. table"); 

fpr I ntf ! stderr , " \nStandard  call:  cform  sym_st.table  <  ■); 

fprlntf Istderr,"  a.out  I  plagen\n\n">; 

break; 

case  1:  fpr I ntf I stderr, "ERROR  -  PLA  parameters  \n\n");  break; 
case  2:  fpr I ntf I stderr, "ERROR  -  The  number  of  characters  In  the  Input"); 
fpr I ntf I stderr,"  string  did  not  match  the  number  assoclated\n"); 
fprlntf (stderr ."with  *1.  The  required  space  between  the  Input"); 
fprlntflstderr,"  and  output  arrays  may  be  mlsslng.\n\n”); 
break; 

case  3:  fprlntf (stderr,"ERROR  -  The  output  array  had  an  Illegal  charac"); 
fpr  I  ntf  (stderr,  "ter.  \n  Legal  characters  are  M',  'x'"); 

fpr I ntf (stderr,",  and  '0'.\n");  break; 
case  4:  fpr I ntf (stderr, "ERROR  -  UNABLE  to  open  output  flle.\n\n">; 
break; 

default:  fpr I ntf (stderr, "ERROR  -  erroneous  call  to  error I  \n\n"); 
f 

oKtt(O); 

f 


F  -  2 


Make  sfsm  -  Creates  the  SFSM  CLL  f I le 


*/ 

^Include  <stdlo.h> 

# define  FALSE  0 
Adeline  TRUE  1 


malnCargc,  argv) 

Int  argc  ; 
cher  *argvM  ; 

S 

FILE  *f Ini,  *fln2,  *fout  ; 

Int  nO,  nl,  n2,  n3,  n4,  n5,  n6,  numtnp  ; 

Int  J,  k,  maxstate,  found; 

char  c,  store!  80  1,  string!  20  1  ; 

strep y(  string,  "external"  ); 
flnl  ■  fopeni  argv!  1  I,  "r"  ); 
fln2  ■  fopeni  argv!  2  I,  "r"  ); 
fout  ■  fopen!  "sfsm_pla.c1f",  "w"  )  ; 


fscanf!  fln2,  "Id  Id",  *J,  inumlnp  ); 
k  -  1; 

aaxstate  -  0; 

while  (  k  <  J  ) 
f 

k  *-  2  ; 
maxstate++  ; 
f 

found  “  FALSE  ; 

while  (  (c  -  getc!  flnl  ))  I-  EOF  ) 
f 

If  (  (  c  —  •(•  )U(  found  —  FALSE  )  > 

S 

fscanf!  flnl, "Is",  store  ); 

If  <  streep!  string,  store  )  —  0  > 

S 

J  •  strlen!  store  )  ; 
store!  J++  1  ■  •  '  ; 

/*  Make  sure  that  there  Is  a  space  between  words  */ 
while!  !c  -  getc!  flnl  >  )  I-  ')•  ) 
store!  J++  I  -  c  ; 

store!  J++  1  •  c  ;  /*  Get  the  last  character  */ 

store!  J  1  ■  0  ;  /*  Terminate  the  string  V 

while  !  Ic  -  getc!  flnl  )  )  1-  '\n')  ; 
found  ■  TRUE  ; 


putc(  c,  fout  )  ; 

fprlntft  fout,  "fa",  store  ); 

$ 

S 

•Iso 

putc(  c,  fout  )  ;  /*  Write  all  characters  In  the  file  except  the 

external  pla  message  -  It  can  appear  anywhere 
In  the  file  and  disrupt  the  elf  ft  lei  */ 
f 

prlntf(  "# Include  \"/usr/l lb/local/s_ext.cl l\"  \n">  ; 

prlntft  "Is  \n",  store  )  ; 

prlntf(  "  nSFSM  nS  n  npla(0,0);  \n")  ; 

nl  “  maxstate  +  numlnp  ; 
n2  ■  nl  /  2  ; 
n3  «  28  ♦  nl  *  16  ; 
n4  -  12  j 
n5  -  22  j 
n6  -  7  j 

prlntf<  "Iterate  Id.  1  16,  0\n".  nl  )  ; 

prlntft  «  PlaClockln  (  15,  —58  );  \n»  >  j 
prlntft  "Iterate  Id,  1  16,  0\n",  n2  )  j 
prlntft  "  P I aC lockout  (  Id,  —53  1}  \n",  n3  )*, 

n3  +■  3  ; 

for  (  J  -  0;  J  <  maxstate  j  J++  ) 
f 

prlntft  "wire  poly  Id,  —53  w  2  d  Id  I  Id  ",  n3,  n4,  n5  ); 

prlntft  "dlff  u  Id  ;\n",  n6  ); 

n3  8  j 

n4  *•  10  ; 

n5  24  ; 

n6  ♦»  10  t 

i 

prlntft  "\n$  \n  \n"  )  ; 

fclose  t  fout  >  ; 

$ 
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Abstract 


Programmable  Logic  Array  From  State  Table  (PLAFST)  is  a  computer 
aided  design  (CAD)  tool  that  takes  a  symbolic  state  table  as  input  and 
produces  a  very  large  scale  integrated  (VLSI)  circuit  implementation  of 
the  symbolic  state  table.  The  state  table  is  first  reduced  symbolically 
using  equivalence  partitioning.  A  near  optimal  binary  state  assignment 
is  made  based  on  the  Story,  Harrison,  and  Reinhard  procedure  as  modified 
by  Hoe  and  Ryhne.  Distinct  state  assignment  variables  are  sorted  based 
on  cost  estimates  obtained  by  increasing  the  number  of  adjacencies  in 
the  state  transition  table.  Once  sorted,  the  actual  costs  of  valid 
state  assignments  made  from  the  state  variables  are  calculated^  Since 
state  assignments  with  the  lowest  cost  estimates  are  investigated  first, 
an  optimal  solution  is  found  with  a  small  number  of  iterations.  This 
binary  state  assignment  is  demons tra tab ly  less  costly  than  either  simple 
or  gray  code  assignments  of  the  state  variables.  The  VLSI  circuit 
consists  of  a  programmable  logic  array  (PLA)  and  clocked  buffers.  The 
state  buffers  are  properly  interconnected*  The  final  outputs  are  Chip 
Layout  Language  (CLL)  and  Caltech  Intermediate  Format  (CIF)  descriptions 
of  the  integrated  circuit.  PLAFST  also  plots  the  final  Integrated 


circuit 


